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ADVERTISEMENT. 



There are many books which are known under the 
somewhat general appellation of " Arithmetics y"* but 
there are very few which present the learner with 
more than a classed collection of examples, placed 
under general rules, by which a calculating machine 
might be worked almost as successfully as the head 
of the pupil. These works, for the most part, 
ignore the science of numbers, and satisfy them- 
selves with the result. Yet in numbers, as in all 
branches of knowledge, science first has its birth 
when art has accomplished its ends ; the why and 
because must always rest upon an accomplished fact 

Hence to follow mere general rules and their ap- 
plication is rather a mechanical than a mental 
exercise ; but when, as in the case of the volume of 
which a sixth edition is now called for, rules are not 
given without reasons^ the mere dry study of num- 
bers becomes an intellectual pursuit, and the adop- 
tion of the colloquial style, in which the book 
addresses itself to the reader by the constant use of 
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the second person, leads him on over every pons 
asinorum to the desired goal, withont fatigue or a 
falling off of attention. 

With such a guide multiplication is no longer 
vexation, the rule of three ceases to puzzle, and 
practice needs no asylum. Indeed, decimals them- 
selves are mastered with comparative ease by the 
metric system, and the pupil soon learns to adapt 
them to all calculations, not only in real business 
transactions, but also on all occasions in daily life. 

To this new edition an Index has been added, 
to facilitate reference to matters touched upon in- 
cidentally ; and to the Key a similar addition has 
been made. That Key is not only a solution of the 
examples in the other volume, but is intended to 
supply the place of oral teaching where the student 
seeks by self-instruction to master the principles of 
Arithmetic; and addresses itself mainly to that 
large class of persons in middle-class life, who, 
upon entering into trade, soon perceive that mere 
school teaching has only enabled them to master the 
simplest rudiments of the science. 

August^ 1867. 



PREFACE. 



In this little book I hare endearoored to expoond, upon 
simple and rational principles, the nidiments of the sciencb 
OF Arithmetic. With rules I have giren reoiOM : and al- 
though the work is designed chiefly for schoolboys and young 
persons, yet, contrary to the usnal practice, I have chosen to 
regard the learner less as an arithmetical machine than as an 
intellectual being. I renture to hope, that what I hare here 
done may meet with some degree of countenance from School- 
masters and Teachers ; and that it may also prove acceptable 
to the solitary and self-dependent stndent. This is not an un- 
reasonable hope: for, although so-called Treatises on Arithmetic 
are very numerous, the number of books really deserving of 
the appellation is bat few. As I have reserved no room here 
for even the most summary analysis of the following pages, I 
must leave them to the candid examination of those who may 
be interested in the progress of this class of educational books. 
I trust no fault will be found with me for the &mlliar and 
colloquial form of exposition I have adopted : any atteiiipt at 
elevation of style, in works of this kind, is wholly misplaced. 
I have imagined my own pupils before me; and I have 
addressed them as I was formerly in the habit of doing in 
oral instruction. My sole aim has been to be intelligible, 
and to invest the subject with what interest I could con- 
sistently with the preservation of scientific accuracy : but if 
there be one part more than another, to which I would invite 
special attention, it is the subject of Deeimalsy towards the 
end of the book. 

J. R. YOUNG. 
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ARITHMETIC. 



(1.) The marks used in Arithmetic are 

1, 2, 3, 4, 5, 6, 7, 8, 9; 
which stand for one^ two^ three^ four^ five^ nx^ ieven^ eighty 
nine* 

These marks are called figureB; and by help of these 
figures, and another mark, 0, to stand for nought,^ or nothing^ 
any number may be written down. 

The mark or nought^ may also be called disfigure; so that 
there are ten different marks or figures used in Arithmetic 

(2.) You must remember that 21, figure is only one of these 
marks : when you see two or three or more of them written 
side by side, yon see a number: thus, 24 is a nuniber^ of 
two figures; it stands for twenty-four ; also 37 is a number 
of two figure; it stands for thirty-seven: and so on. 
Twenty-four means ttDO tens and four; thirty-seven means 
three tens and seven. And in like manner forty-eight mean» 
four tens and eight; and this number, written in figures, is 48. 

You see then, that, in a number of two figures, the first, or 
left-hand figure, tells us how many tens there are in the 
number ; and the second, or right-hand figure, tells us how 
many ones^ or units there are in the number, besides the 
tens : on^, you are to remember, is also called unity or unity. 

(3.) From what has now been said, you see that the word 
number does not mean the same thing as the word figure: 
there are only ten difierent figures, or single marks, but by 
joining two or more of these together, we may write down as 
many numbers as we please. The single figures themselves 
are also called numbers^ as well as sets of two, three, or more 
figures : thus, 5, 7, 6, &c., are numbers of one figure each ; 
57, 75, 76, &c., are numbers of two figures; and 576, 756, 
&c., are numbers of three figures. The number 57 is fifty- 
seven, the number 75 is seventy-five, the number 76 is seventy- 

* Arithmetic may be defined as the science which teaches how to per- 
form computations bj numbers. It would perhaps be of but littLe use to 
A beginner to give a formal definition of Arithmetic in the text* 

B 
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gix^ and so on. The number 576 is five hundred and seventy^ 
sxx^ the nnmber 756 is seven hundred and fifty nx; and in 
any number ((f three figures, the first figure on the left hand 
tells us how many hundreds there are in the number; the 
next figure teUs us how many tens there are, besides the 
hundreds ; and the last figure tells us how many units there 
are, besides the hundreds and tens : there may be no units 
after the hundreds and tens ; if so, a nouyht or 0, is put for 
the last figuro : thus, five hundred and seventy^ would be 
written in this way, 570; and seven hundred €md fifty ^ 
would be written 750. Should there be no tens after the 
hundreds, then, in the same way, a is put in the place of 
tens: thus, 506, means five hundred, no tens, and six units; 
that is, five hundred and six; also, 605 means six hundred 
and five; and 600 means six hundred, without any tens or 
units besides. You see, therefore, that if you write down a 
single figure, you mean so many units; but if you put a 
nought to the right of it, you mean ten times as many, and 
if two noughts^ one hundred times as many. 

(4.) When a number has four figures, as, for instance, the 
number 3562, the first figure on the left hand tells us how 
many thousands there are in the number; the next figure, 
how many hundreds besides; the third figure, how many 
tens; and the fourth, or last figure, how many units besides ; 
so that the number just written is three thousand five hun^ 
dred and sixty-two: if, instead oi five hundreds, there had 
been no hundreds, the number would have been written 
3062 ; that is, three thousand and sixty-two. In like man- 
ner, 3502 is three thousand five hundred and two; also, 
3002, is three thousand and two; and 3000, is three thou- 
sand only. 

(5.) From the explanations which have now been given, 
you see that when a figure stands by itself, that is, without 
any figures beside it, it stands for a certain number of units: 
thus, 6 stands for six units^ or six ones; and !;hat when a 
figure does not stand by itself, but at the right-hand end of 
a row of figures, it still stands for U7iits: thus, the 6 in the 
number 346 is still six units; but the 6 in the number 562 
standi for ten times 6, or sixty ; the 6 in the number 4637 
stands for ten times sixty, or six hundred; the 6 in the 
number 6253 stands for ten times six hundred, or six thou- 
sand. It is on this account that we say that the last figure 
of any number occupies the place of units; the next figure^ 
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on the left, the plaice of tent; the next, the phuse of hun- 
dredt; the next, the ^huce of thomatuU; and so on, as in 
the following Table, which is called the 

Numeration Table. 
375268436297 






09 


Si 

o 

i 

oo 


Cr- 
P 




«^3 


o 


3 


P g- 


& 


to 


o 


c 




o 


»-»» 


p 


O 


•^ 




s 




B 


1 




&• 


»i«» 


N-« 


s 


o 


5* 


o 


D 


•-»» 


a 


8» 


CO 


5 


8" 


c 


>^» 






•^ 


^*» 






n 


o 










t:: g S g- g S H 



3 •^ S r5 

B '■ S- & I- g- 

K o o ^ 

S? i-H 



o p. 



OB 



o 



?» 

(6.) The number written above, which is a number of 
twelve figures, is therefore three hundred and seventj-five 
thousand two hundred and sixty-eight millions^ four hundred 
and thirty-six t/iotuand^ two hundred and ninety-seven. If 
we were to put another figure before the first figure 3 above, 
we should liave a number of thirteen figures, and the new 
figure would be in the place of billions ; another new figure 
put before this would be in the place of tent of billions^ and 
so on. You should learn this table, by repeating the words, 
units, tens, hundreds, thousands, &c., till you can say them 
in order without looking at the book ; and you must notice, 
that whichever of these you pronounce, the next you pro- 
nounce is always ten times it : thus, ten is ten times unit ; 
a hundred is ten times ten ; a thousand is ten times a hun- 
dred^ and so on. 

(7.) Until you have learned the Numeration Table, you 
will not know the meaning of a large number written in 
figures. Suppose the number 465287 were shown to you ; 
you could tell what it means only by knowing the Numera- 
tion Table. You would point to the 7 and say units^ to the 
8 and say tens^ to the 2 and say hundreds^ to the 5 and say 
thousands^ to the 6 and say tens of thousands^ and to the 4 
and say hundreds of thousands ; and yon would thus know 

b2 
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{he number to be four huudred and sixty-five thousand^ two 
hundred and eighty-seven. And in this way yon are now 
required to write in leordt the following numbers : * — 

Exerc%9e$ in Numeration, 



1. 
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3. 


173004 


6789523 


3486025 


4. 


1142060 


lllOlll 


4362800 


5. 


64370253 


99874062 


85006200 


6. 


73892531 


875062035 


107926500 


7. 


7539336210 


326972573971 


415862314203 


8. 


730254062810 


173004202604. 


502130065080 



(8.) Write the following numbers in figures : — 

1. A mile contains one thousand seven huudred and sixty 

yards. 

2. It has been found that there are more than five hundred 

and forty-six thousand persons in the world who are 
deaf and dumb. 

3. The expense of building London Bridge was two millions 

of pounds. 

4. The expense of the Britannia Tube, over the Menai 

Straits, was six hundred and twenty -one thousand 
eight hundred and sixty-five pounds. 

5. The quantity of gold collected at California, in the year 

1850, is estimated at three hundred and twelve thou- 
sand five hundred ounces. 

6. The money received by the London and North- westerri 

Railway for passengers and goods, during the first half 
of the y«ar 1851, was one million one hundred and 
seventy-seven thousand &\q hundred and eighty pounds. 

7. The number of visitors to the Great Exhibition, on 

Tuesday, the 7 th of October, 1851, was one hundred 
and nine thousand nine hundred and fifteen. QThis 
was the greatest number on any one day.^ 

8. The money receii'ed by the Great Exhibition amounted 

altogether to five hundred and ^Ye thousand one hun- 
dred and seven pounds. 

9. In the month of September, 1851, there were one million 

one hundred and fifty-five thousand two hundred and 
forty visits paid to the Exhibition. 

^ Tb.t uMwert to all the qvettioas tnd exercises are placed at the end. 
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10. The greatest ntimber of risit^ to the Exhibition in any 

one month was in July ; the number in that month was 
one million three hundred and fourteen thousand one 
hundred and seventy-six. 

11. The total number of visits to the Exhibition, without 

counting the closing day and certain private days, was 
six million seven thousand nine hundred and forty- 
four.* 

12. The number of people in Great Britain and the British 

Islands in 1851 was twenty million nine hundred and 
thirty-six thousand four hundred and sixty-eight 

(9.) From these exercises yoa will see that the ten ftgorcs of arithmetic 
are saffident for the purpose of ezpressing any naaiher, however great ; 
and that the reason why so few are enough, is, that each figure changes 
its meaning as its place in a number is changed. The value of a figure 
in any particular place is called its local v^ue ; thus, the local value of 
the 6 in 263 is sixty ; and the local value of the 2 is two hundred : the 
local value being always ten timet what it would be if the figure were in 
the next place on the right. This ten-fold increase in the looid value of a 
figure, when it is advanced one place from right to left, is the reason why 
our system of notation in arithmetic is called the decimal eyetem.f 

It may be proper to mention here, that the figures 1, 2, 3, &c. are also 
called diffite t and that 0, or nought , is also called cipher , or zero, 

(10.) It may also be further noticed, that when we have to express a 
very large number in words, it is convenient to separate the figures of it 
into periodi of three figures each, by putting a comma before the last 
three figures, another comma before the next three, and so on : thus, the 
large number by which I have illustrated the Numeration Table, when 
the figures are mvided into periods, is 375,268,436,297. The advantage 
of this is, that as the leading figure of each period occupies the place of 
hmndrede, — ^that is, of hundreds simply, or hundreds of thousands, or 
hundreds of millions, Sec., the number is more readily put into words. 
In the tables published by order of Government, relating to revenue, 
population, Sec., this plan is always adopted. 
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(11.) The rule for adding a set of numbers together, so as 
to fiud the sum of them all, is called the rule for Addition ; 
it is the first rule in Arithmetic, and is as follows :— 

* Including the six exceptional days ; namely, the opening day, the 
two days at one pound, tiie two exhibitors' days, and the closing day, the 
number in the 144 days was about 6,170.000. 

t The learner may be here informed, that the particular *r.arks or 
symbols used in any science,— as, for instance, the notee in music, and the 
chancten or symbols 1, 2, 3, Sec. in arithmetie,— constitute the notatiom 
of that science. 
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Rule 1. Place the numbers to be added under one anotlier, 
80 tbat the units may all be in the first column on the rights 
the tens in the second column, the hundreds in the third 
column, and so on. 

2. Add up the column of units; that is, find the sum of the 
units in this column ; if this sum be a number of only one 
figure, put this figure down under the nnit column ; but if it 
be a number of more than one figure, it is not to he put down ; 
the last figure of it only, that is, the figure in the units* place,, 
is to be put down, and the number expressed by the remain- 
ing figure or figures, after the one put down is rubbed out, 
is to be carried to the column of tens^ and added up with that 
column. In like manner, put down the las^ figure of the 
number which is the sum of this second column, and carry 
the number expressed by the remaining figures, when the one 
put down is rubbed out, to the next column, or column of 
hundreds, and so on till you reach the last column, the whoU 
amount of which is to be put down. 

For example : Suppose we have to add together 327 
the numbers 327, 241, and 58. Then, writing the 241 
numbers under one another, so that the units may 58 

all be in the first column on the right, the tens in 

the second column, and the hundreds in the third, 626 

as in the margin, we should proceed as follows : — 

8 and 1 are 9, and 7 are 1 6 ; therefore there are sixteen 
units in the first column, and as this number consists of two 
figures, 1 and 6, we put down only the 6, and carry the 1 to 
the next column, and say 1 and 5 are 6, and 4 are 10, and 2 
are 12; we therefore put down 2 and carry 1 to the next 
column, saying 1 and 2 are 3, and 3 are 6, which we put 
down, and thus find the sum of the numbers to be 626 ; that 
is, six hundred and twenty-six. 

Again : Suppose we have to add together the numbers 
7625, 3253, 1802, and 211. Writing the numbers ^^^, 
under one another, as before, we say, 1 and 2 are 3, ^^eo 
and 3 are 6, and 5 are 11, 1 and carry 1 ; 1 and - 
1 are 2, and 5 are 7, and 2 are 9; this being a ^ 

single figure^ we put it down, and have nothing to 

carry to the next column ; 2 and 8 are 10, and 2 looqi 

are 12, and 6 are 18, 8 and carry 1 ; 1 and 1 are 

2, and 3 are 5, and 7 are 12 ; and having now 
reached the last column, the whole amount 12 is put down; 
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00 that the sQin of the nnmbera is 12891 ; that is, twelve 
tiiousand eight hundred and ninety>one. 

We shall go through the work of but one other example : 
Add together the numbers 57632, 804, 70300, 731, and 33. 
Writing the numbers in columns, as before, we 57632 
say, 3 and 1 are 4, and 4 are 8, and 2 are 10, 804 

and carry 1 ; 1 and 3 are 4, and 3 are 7) and 70300 
3 are 10, and carry 1 ; 1 and 7 are 8, and 3 731 

are 11, and 8 are 19, and 6 are 25, 5 and carry 33 

2; 2 and 7 are 9; 7 and 5 are 12. So that 

the sum is, one hundred and twenty-nine thou- 1 29500 
sand &ye hundred. 

(12.) You will easily see that the work of these examples 
is right : thus, looking hsLck to the first example, you see that 
the column of units amounts to 16 units; that is, to one ten 
and six units over ; the one ten is carried, as it ought to be, 
to the column of tens^ and only the six units put in the units' 
place. The tens amount to 12 tens; that is, to ten tens, or 
one hundred, and two tens over ; these two tens are therefore 
put in the tens' place, and the one hundred carried to the 
column of hundreds ; the sum of this column is found to be 
six; so that we have got the right number of hundreds^ the 
right number of tensy and the right number of units^ in the 
whole. And in the same way you may convince yourself 
that each of the other examples is correct,* and that the rule 
must lead you to the true sum or amount in all cases. 

(13.) There is a way of proving whether the columns are added up 
wiUioat error, given in most books on arithmetic ; bat it would cause you 
more trouble than to do the work over again ; you bad better therefore 
make up your mind to perform the addition a second time, when yon are 
not quite sure that there is no mistake : this ieeond time you should com- 
mence at the top of each column, and add dovmwards; thus, if you wish 
to try the correctness of example 2, above, begin at the top of the units' 
column, and say, 5 and 3 are 8, aud 2 are 10, and 1 are 11, 1 and carry 
1 ; 1 and 2 are 3, and 5 are 8, and 1 are 9 ; and so on. 

Exercises in Addition. 

1. Add together the numbers 342, 165, and 34. 

2. Find the sum of 87, 273, and 49. 

3. Find the sum of 2860, 1723, 41, and 17. 

4. Add together 5693, 482, 6297, and 13. 

5. Add together 17341, 9203, 510, and 2006U 

6. What is the sum of 35208, 62, 187, and '702070? 

7. Add up 7407003, 169205. 4853, 79, and 382. 
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8* Add the following numbers together ; namely, two thoa* 
sand and four, seven thoasand and thirtj-five, one 
hundred and one thousand and nine, seventeen thou- 
sand and forty-eight, and two hundred and one. 

9. On the London and Birmingham Railway, the Primrone 
Hill tunnel is one thousand one hundred and twenty 
yards in length ; the Weedon tunnel, four hundred and 
eighteen yards; the Kilsby tunnel, two thousand three 
hundred and ninety-eight yards. On the Great Western 
Railway, the Box tnno^ is three thousand two hundred 
and twenty -seven yards. On the Manchester and Leeds 
Railway, the Littleborough tunnel is two thousand 
eight hundred and sixty-nine yards ; and the Merstham 
tunnel, on the London and Brighton Railway, is one 
thousand seven hundred and eighty yard& What is 
the sum of the lengths of these six tunnris ? 

10. By order of Government, all the people in this kingdom 

are counted every ten years; this counting is called 
taking a eenstu d the population, in 184) and 1851 
the numbers were found to be as follow : — 

0nuw^l841, OiMu»(/i8M. 
In England and Wales... 1591 1725 17922768 

Scotland 2628957 9870784 

Islands, in British Seas 12407^ 1429^16 

What was the amount of the population in 1841 and 
1851? 

11. The number of persons visiting the Great Exhibition of 

1851, during the last week, was as follows; namely, 

On Monday, Oct. 6 107815 

Tuesday, Oct. 7 109915 

Wednesday, Oct. 8 1097G0 

Thursday, Oct. 9 90813 

Friday, Oct 10 46913 

Saturday, Oct. 11 53061 

How many visits were made during the last week 

altogether f 

1 2. Find how many days the Exhibition was open, and how 

many visits were paid to it altogether, from the fol* 

lowing statement : — 

Number (^Jktya, Number ^Pereem. 

May 27 734814 

June 25 1133114 

July 27 1814176 
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Angnst 26 1023435 

Septeml)er 26 1155240 

October 13 808237 

(3. The number of persons who emigrated from this king- 
dom, — ^that is, who left it to live in other countries, — 
in the years 1849 and 1850, was as follows; namely. 

In 18i9. In 1850. 

From England 212124 persons ; 214612 persons 
Scotland 17127 „ 15154 „ 

Ireland 70247 „ 51083 „ 

What was the amount of emigration during these two 
years? 
14. In the year ending on the 5th of January, 1851, there 
were 159 London newspapers, in which there appeared 
891650 advertisements, and 222 English country news*- 
papers, in which 875631 advertisements appeared. 
There were also 110 Scotch newspapers, with 249141 
advertisements; and 102 Irish papers^ with 236128 
advertisements. Find the total number of newspapers, 
. and the total number of advertisements. 



(14.) It is proper that you should now be told, that besides 
the marks or symbols used in arithmetic for nundfers^ some 
other marks are also used, instead of common words, for the 
operations of ari thmetio* The operation you have j ust performed, 
in each of the foregoing examples, is the operation of addition. 
Now there is a mark or sign used for addition ; it is an up- 
right cross, thus -|-, placed between the figures or numbers to 
be added, and it is called the tigin of (Mition^ and is ri3ad 
plus; there is also a sign for the result of any operation, as 
for instance, for the sum or total of a set of numbers ; it is 
called ths sign of equality^ and is written thus := : whenever 
you see this sign, you are to understand that the words equal 
to are meant by it. By using these two signs, you may write 
down any example in addition, with the answer or result put 
against it, without employing any toords: thus, taking the 
first example at page 6, you might write it so :^ 

327 -♦- 241 + 58 = 626 ; 
and if you were asked to read this, you would say 327 plus 
241 pltis 58, are equal to 626, or equals 626. 

In like manner, the second example, with the answer or 
result, would stand thus : — 

7625 + 3253 -f 1802 + 211 = 1281^1; 

b3 
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ftnd jon yourself can now pnt the third, or any other ex- 
ample, in the same form, and can read it when you have done 
so. Yon must really attend to these signs of addition and of 
equality, because they will be often used hereafter. 



SUBTRACTION. 

(15.) We now come to the second rule of arithmetic, which 
is called the rule of Subtraction : it teaches us how to take, 
that is, to subtract^ the smaller of two numbers from the 
greater, and so to find the difference or remainder. If both 
numbers are numbers of iingle figures only, you do not feel 
the want of a particular rule: if you are asked to find the 
difference between the number 8 and the number 5, that is, 
if you are asked to subtract 5 from 8, you can easily see that 
the difference or remainder must be 3 ; and you uso know, 
that if 2 be subtracted from, that is, taken away from, 9, the 
remainder will be 7; that if 4 be subtracted from 6, the 
remainder will be 2 ; and so on : but if each be a number of 
several figures, you will want a rule to guide you to the 
correct remainder : this rule is as follows : — 

Rule 1. Write the smaller number under the greater, 
taking care> as in addition, to place units under units, tens 
under tens, hundreds under hundreds, &c. 

2. Then, beginning with the units, as in addition, subtract 
the lower figure from the upper : this you can easily do if the 
upper figure be the greater of the two ; but if it be the less^ 
you must fancy 10 added to it, which is sure to make it 
greater, so that you can now subtract the lower figure, and 
put the remainder underneath. 

3. If you have increased the upper figure by 10, you must 
carry 1 to the next figure to be subtracted; if this next 
figure, thus increased by 1, be greater than the figure above 
it, 10 must be added to the upper figure, as before ; and after 
the remainder is put down, 1 must be carried to the next 
figure ; and so on. 

You see, therefore, that the method is to subtract the units 
of the lower or smaller number from the units of the upper, 
the tens from the tensy the hundreds from the hundreds^ and 
so on, always adding 10 to the upper figure when it is less 
than the figure under ity and taking care, in such a case, to 
carry 1 to the next figure : it is only when 10 is thus added 



BUBTRACTION. 11 

to an npper figure that 1 is to be carried to the next lower 
one. The following examples will explain the operation : — 

1. Subtract 625 from 6879. 

Placing the smaller number under the 687*^ greater 
greater, as in the margin, we say, 5 from 625 less 
9, and 4 remain ; 2 from 7, and 5 remain ; — 
6 from 8, and 2 remain ; and as nothing 6254 remainder 

is taken from the upper figure 6, the 

complete remainder is 6254, or 6 thousand 2 hundred and 54. 

As in this example each of the lower figures is less than 
the figure above it, the subtraction is performed without 
adding 10 to any upper figure : in the next example such is 
not the case. 

2. Subtract 13758 from 23596. 

The numbers being written as before, we see 23596 
that the figure 6 in the units' place of the upper 13758 

number is less than the figure 8 below it; we 

therefore fancy 10 to be added to the 6, making it 9838 

16, and say, 8 from 16, and 8 remain, carry 1 ; 

6 from 9, and 3 remain ; 7 from 15, and 8 remain, carry 1 ; 
4 from 13, and 9 remain, carry 1 ; 2 from 2, and nothing 
remains ; therefore the remainder is 9838. 

3. Subtract 3506285 from 72311075. 

Instead of repeating the word remain at 72311075 
every subtraction, it is better to proceed as fol- 3506285 

lows : 5 from 5, nought; 8 from 17, 9, carry 1 ; — ^ 

3 from 10, 7, carry 1 ; 7 from 11, 4, carry 1 ; 68804790 

1 from 1, nought ; 5 from 13, 8, carry 1 ; 4 from 

1 2, 8, carry 1 ; 1 from 7, 6. 

(16.) The truth of this rule for subtraction may be shown 
in a few words: — Adding 10 to 2My figure of a number is 
the same as adding 1 to the figure before it : thus, the num- 
ber 75, is 7 ten9 and 5 ; if I add 10 to the 5, I make it 7 
tens and 1 ten and 5, that is 85. Again ; the number 623, 
is 6 hundreds, 2 tens, and 3 ; if I add 10 to the 2, I make it 
6 hundreds, 12 tens, and 3 ; or 6 hundreds, 10 tens (which is 
another hundred), 2 tens, and 3, that is 723, and so in 
other cases; so that adding 10 to a figure is, in fact, adding 
1 to the figure before it The rule tells us, that whenever we 
add 10 to an upper figure, we must subtract an additional 
1 from the figure before it; therefore, the 1 that has been 
added to an upper figure, for convenience, is immediately 
afterwards taken away, so that all is brought right again. 
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I shall add two or three examples more, with the remain* 
ders put down for you to look over; and shall then give 
some exercises in subtraction for you to find the remainders 
yourself. 

6803029 34510381 8057130600 

2516017 6232045 148112354 



4287012 28278336 790d018246 



(17.) You can yrove whether the Bubtr&ction is correctly performed, 
by adding the remainder to the number which lias been subtracted ; the 
turn ought to be the top number : thus, taking the first of the tlu^e 
examples just given, you would say, 2 and 7 are 9 ; 1 and 1 are 2 ; and 
are ; 7 and 6 are 13, 3 and carry 1 ; 1 and 8 are 9, and 1 are 10, 
and carry 1 ; 1 and 2 are 3, and 5 are 8 ; 4 and 2 are 6. And as the 
figures thus obtained are those of the top number, we condnde that the 
work is right. 

Exercises in Subtraction, 

1. Subtract 375 from 846, and 1237 from 2865. 

2. What is the difference between 36207 and 72098 ? 

3. Take 7992 from 18097, and 300043 from 1001251. 

4. Subtract seven thousand and fifty- three, from a hundred 

and eleven thousand and two. 

5. Subtract thirteen thousand one hundred and seven teen, 

from twenty-two thousand and five. 

6. What is the difference between one million three hundred 

and two thousand and forty-two, and three million one 
hundred and eleven ? 
7* The three greatest generals in modern times — the Duke 
of Wellington, Napoleon Bonaparte, and Marshal 
Soult — were all bom in the same year, 1769; the last 
died in November, 1851 : how old was the Duke of 
Wellington then ? 

8. The population of Ireland in the year 1841 was 8175124, 

and in 1851 it was 6515794: find by how many 
people the population had decreased in these ten years.* 

9. The population of Ireland in the year 1821 was 6801827, 

and in the year 1831 it was 7767401 : what was the 
increase in these ten years ? 
10. The population of Great Britain and its adjacent Islands 

* The learner should be required to state the numbers in these exer- 
cises in wardi ; and to write his results both in figures and words : he 
may diride the figures into ptriods, as eiplaimed at page 5. 
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in the year 1841 was 18664761, and in 1851 it was 
20936468 : find the increase in these ten years. 

11. The number of Season Tickets for the Great Exhibition, 

sold before the building was opened, was nineteen 
thousand five hundred and seven; of these, eight 
thousand six hundred and fifteen were Ladies' Tickets : 
how many of them were Gentlemen's Tickets ? 

1 2. The number of visits paid to the British Museum m the 

year 1850 was 1098863, and to Hampton Court 
Palace 221119: how many visits were paid to the 
former place more than to the latter ? 

13. The Gross Revenue of the Post Office* for the yeai 

ending on the 5th of January, 1851, was 2264684 
pounds, and the cost of management was 1460785 
pounds : what was the Net Revenue for the year ? 

14. The total number of passengers conveyed on the Railways 

of the United Kingdom in the half-year ending on the 
30th of June, 1850, was 31766503; and in the half- 
year ending on the Slst of December, 1850, the total 
number was 41087919 : what was the increase in the 
number of passengers in the last half-year ? 

15. The gross receipts of the London and Brighton Railway 

during the week ending Nov. 22, 1851, were, for 
Passengers, 6217 pounds; for Goods, 2135 pounds. 
The gross receipts for Passengers and Goods, during the 
corresponding week of the preceding year, were 8149 
pounds : find how much the receipts had increased. 

16. The population of Great Britain and the neighbouring 

Islands in 1851 was 20936468; the population of 
England and Wales alone was 17922768, and the 
population of the British Islands alone was 142916: 
what was the population of Scotland ? 

17. The salaries paid to the officers employed by the Custom- 

House in 1849 were as follows: salaries in England, 
550236 pounds; salaries in Scotland, 62115 pounds; 
salaries in Ireland, 57903 pounds. The amount of 
Custom-House duty, collected in that, year, was 
22481339 pounds: what was the net amount received 
after these salaries were paid ? 

* By revenue of the Post Office is meant income of the Post Office ; 
and gross revenue, or gross receipts, means the money received before the 
expenses of management are subtracted ; when these expenses are taken 
from the gross income, the remainder ia called the nei income. — See 
Exercise 17. 
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18. In the year 1849 there were 578159 children bom in 

England and Wales; of these 295158 were males. In 
the same year 440853 persons died ; of these 221801 
were males ; yon are required to find how many females 
were bom in 1849, and how many died. 

19. What is the difference between 365 + 2041 -f 109, and 

7530 + 1623-1-87-1- 3406? 

20. What is the difference between 112104 -|- 3820 + 3268, 

and 2389 -|- 103403 -|- 13400 ? 

21. Find the difference between 462873 -f- 5962 -f- 304 -f- 

19871, and 1735 -h 902603 -|- 72 -f 139. 



(18.) The last three exercises bring into use the n^n of 
addition^ explained at page 9. There is also a si^ of 
sttbtractiotiy which it is equally necessary that you should 
remember ; it is the little mark — . This sign, placed before 
a number, means that the number is to be subtracted. By 
using this sign, which is called minusy we may express an 
example in subtraction without words, the sign of equality, 
=, being placed before the remainder: thus, the first ex- 
ample, page 11, may be written 6879—625 = 6254; the 
second example may be written 23596—13758 = 9838 ; the 
third may be written 72311075—3506285 = 68804790; 
and so of the other examples. If you were asked to recul the 
first of these, you would say, 6879 minus 625, equals 6254 : 
you can from this read the others without any help ; and I 
dare say you could eyen read the following, namely, 

24-1- 36—17—41 -h 13—11—2 = 2; 
but in case you should be puzzled, I will read it for you : it 
is 24 plus 36 minus 17 minus 41 plw 13 minus 11 minus 
2, equals 2 ; the meaning of which is, that if from the sum of 
24, 36, and 13, the sum of 17) 41, 11, and 2, be subtracted^ 
the remainder will be 2. 



MULTIPLICATION. 

(19.) We now come to the third rule in Arithmetic, — the 
rule for multiplication^ — which teaches us how to find the 
sum of a set of eqttal numbers without our taking the trouble 
to put them all down, and add them together, as in addition. 
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If WO h&ye to find the sum of two equal numbers, we put 
down only ons of those numbers, and multiply it bj 2, 
according to the rule to be given presently; if we hare to 
find the sura of three equal numbers, we put down one of 
them, and multiply by 3 ; and in like manner if we have to 
find the sum of eighty or niney &c., equal numbers, we mul- 
tiply one of them by 8, or 9, &c. In this manner we dis- 
cover the sum required very soon. 

The number we multiply another numbor by is called the 
multiplier; and the other number the multiplicand: the 
result of the operation, and which in addition would be called 
the fum, is here called the product. 

Whatever be the multiplicand, and whatever be the mul- 
tiplier, the operation could be described in a single rule ; but 
it will be easier for you if I divide the general rule into two 
particular rules : I shall therefore do this ; but before you can 
use either rule, you must learn the Multiplication Tahle^ 
which I here give. This table you must repeat in this way : 
— ^Twice 1 are 2 ; twice 2 are 4 ; twice 3 are 6, Sec. Three 
times 1 are 3 ; three times 2 are 6 ; three times 3 are 9, &c. 
Four times 1 are 4 ; four times 2 are 8 ; four times 3 are 1 2, 
&c. Sec. When you say ttrice any number, you are said to 
multiply that number by 2 ; when you say 3 times, you are 
said to multiply by 3, and so on ; and the number that results 
is the product : thus, when you say 4 times 6 are 24, the 
multiplier is 4, the multiplicand is 6, and the prodtu:t is 24. 
You must remember this. When you say 4 times 8 are 32, 
if you were asked what is the multiplier^ what is the 
multiplicand, and what is the product, — what would you 
answer ? * 

^ The learner may, if he please, commit to memory, at first, only a 
part of the table on the next page, and may select from the exercises that 
follow, snch of them as require only those multipliers within the range of 
his knowledge of the table. After some practice in these, another por- 
tion of the table may be learnt. Simple as the Multiplication Table 
appears to the arithmetician, it should be regarded by every teacher as t 
tLin^ of no small labour and difficulty to a mere banner. 
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(20.) Yoa can easily satisfy yonnelf of the truth, and also of tbe tut 
of this table, by taking out of it any multiplicandr uid any moltipUer, — 
by writing down the multiplicand as often as there are units in the mul- 
tiplier, and then adding all these equal numbers together. Yon will find 
that the sum of them is always equal to the product put down in the 
table. Thus, the table tells us that 6 times 7 are 42 ; and we find, by 
addition^ that six 7*s are 42 : thus, 

7 + 7 + 7 + 7 + 7 + 7 — 42. 
In like manner, we are told by the table that 5 times 8 are 40 ; and we 
know, by addition, that 

8 + 8 + 8 + 8 + 8-40; 

and so in every other case in which the equal numbers are each not 
greater than 12, and not more than twehre of them are to be added to- 
gether. When any multiplicand is greater than 12, and the multiplier 
not greater than 12, the table will still help us to the product by aid of 
the first of the two rules I promised ; which is as follows : — 

1. When the Multiplier ie not greater than 12. 

Rule 1. Place the multiplier ander the mnltiplicand, units 
under unite, 

2. Then, commencing at the units-figure of the multipli- 
cand, multiply each figure, in succession, by the nmltiplier, 
and put the product under that figure, taking notice, how- 
ever, that whenever any of these products is a number of 
tico or three figures^ the right-hand figure only is to be put 
down, and the rest carried to the next product, as in addition* 

Ex. 1. Multiply 2683 by 2. 

Having placed the 2 under the 3, as in the mar- 2 683 
gin, I say, twice 3 are 6; twice 8 are 16, 6 and 2 

cariy 1 ; twice 6 are 12, and 1 carried are 13, 3 

and carry 1 ; twice 2 are 4, and 1 carried are 5» 5366 
Therefore the product is 5366. _— 

2. Multiply 728365 by 3. 

3 times 5 are 15, 5 and carry 1 ; 3 times 6 are 728365 

1 8, and 1 are 1 9, 9 and carry 1 ; 3 times 3 are 9, 3 

and 1 are 10, and carry 1 ; 3 times 8 are 24, • 

and 1 are 25, 5 and carry 2; 3 times 2 are 6, 2185095 

and 2 are 8 ; 3 times 7 are 21. Therefore the 

product is 2185095. 

3. Multiply 276023 by 8. 

8 times 3 are 24, 4 and cariy 2 ; 8 times 2 are 276023 

16, and 2 are 18, 8 and carry 1 ; 8 times are 8 

0, and 1 are 1 ; 8 times 6 are 48, 8 and carry 4 ; 

8 times 7 are 56, and 4 are 60, and carry 6 ; 2208184 

8 tinges 2 are 16, and 6 are 22. Therefore the — — - 
product is 2208184. 
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I shall now insert two or three examples like these for yon 
to look over, and shall then prove the work of them to be 
correct by actual addition. 

462508 7841902 37582431 

4 6 9 



1850032 


47051412 


338241879 


462508 
462508 
462508 
462508 


7841902 
7841902 
7841902 
7841902 
7841902 
7841902 


37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 


1850032 




47051412 








338241879 



(21.) Yon thus see the great advantage of the aboTe rule for multi* 
pUcatioD, and bow many figorea and how much trouble are saved by it ; 
yon will observe that, throoghoat, the figures carried in the additions, 
from column to column, are the very same as the figures carried, from 
product to product, in the multiplications ; and I think that nothing more 
need be said in the way of explaining and proving the rule. 

(22.) I shall only remind you, that whenever you have to multiply a 
number by 10, all you will have to do is, to put a to the number on the 
right; thus, 10 times 324 is 3240; 10 times 5237 is 52370, and so on. 
I say I have only to remind you of this, for you already know, from the 
Numeration Table, that by putting a to a number, you push the units- 
figure of that number into the place of tent ; the tens-figure into the 
place of hundredit &nd so on : that is, every figure of the number is made 
ten times as great. And it is equally plain, that by putting two O's, you 
multiply the number by 100 ; that by putting three O's, you multiply by 
1000, and so on. 

£Jxercises. 

I. Multiply 342 by 3. 2. Multiply 4761 by 4. 

3. Multiply 7065 by 5. 4. Multiply 80724 by 6. 

5. Mult. 1139509 by 7. 6. Mult. 273 by 12. 

7. Mult. 75200564 by 8. 8. Mult. 9264073128 by 11. 

9. Multiply 650098203470 by 12. 

10. Before the opening of the Great Exhibition, 8615 
Ladies' Tickets, at two guineas each, were sold ; and 
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10892 Gentlemen's Tickets, at three gnineas each: 
how many guineas were received for all these tickets ? 

11. The average number of daily visits to the Exhibition, 

that is, the number of visits, one day with another, for 
the last six days, was 89319 : what was the total 
number of visits in the week ? 

12. The emigration from Ireland to the United States of 

America is at present (1851), on the averoffBy more 
than a thousand persons a day: if the number of 
emigrants were exactly a thousand a day, how many 
persons would leave Irdand in a year or 365 days ? 

13. The greatest number of visitors to the Exhibition, on a 

five-shilling day, was 44512; this was on May 24th, 
1851 : the smallest number, on a five-shilling day, was 
9327, on July 19th : how many shillings were received 
on both these days together ? 

1 4. Sound is borne to our ears by waves of air, produced by 

the sounding body. It moves at the rate of 1 1 25 feet in 
a second; but light moves at the rate of about 192500 
miles in a second ; so that from the distance of a few 
miles, light may be said to reach the eye at the instant 
it appears : suppose then, 1st, that you observe a man 
breaking stones on a road, and that two seconds after 
seeing the fall of the hammer, you hear the blow : how 
many feet is he off? And 2nd, suppose that seven 
seconds after you see the fiash of a cannon you hear 
the report : how many feet off is the gun ? 

15. Eleven seconds after a flash of lightning is seen the 

thunder is heard : how many feet off is the thunder- 
cloud ? 

Yoa see, therefore, that the more quickly the thnnder follows 
the lightning, the nearer the cloud is, and therefore the greater 
the danger. You may calculate the distance pretty nearly by 
counting the beats of your pulse, allowing 1000 feet of distance 
for the time between every two beats ; for this time is in general 
a little less than a second. In a healthy person the pulse beats 
about 70 times in a minute. 

16. In the week ending February 21, 1851, the number 

of Letters, sent through the Post-Office, was seven 
million two hundred and thirty-nine thousand nine 
hundred and sixty-two : at this rate, how many Letters 
are sent in twelve weeks ? 



(23.) The sign for multiplication is a cross of this form, x » 
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placed between tlie two numbers to be multiplied together: 
thus, 4x6, means 4 multiplied by 6, or 6 multiplied by 4 ; 
you may say whichever you please, as the product is the 
fiame, namely 24 ; that is, 4x6 = 24. In like manner, 
7 X 9 = 63, and 7x9x2 = 126. The numbers which, 
multiplied together, produce another number, are Ciiiled 
factors of that other number : thus, 3 and 4 are factors of 
12 ; so are 6 and 2 ; and so are 2, 2, and 3. There are some 
numbers, such, for instance, as the number 13, that cannot 
be produced (rom factors: it is trae that 13x1 = 13 ; but 1 
is not considered to be a factor. Numbers of the kind now 
spoken of are called prime numbers,' and all others, that is, 
all numbers that can be produced from factors, are called 
composite numbers: thus, 9, 12, 14, 16, &C., are composite 
numbers; but 7, 11, 13, 17, &c., are prime numbers. The 
products in the multiplication table are, of course, aU com- 
posite numbers ; indeed, you see that evety product must be a 
composite number. 

(24.) I need scarcely tell you, that what is here said of 
the two kinds of numbers, applies to whole numbers only; 
not to halvesy qtmrtersy &c. : three and a half, multiplied by 
2, will produce 7; but 7 is not a composite number on this 
account, because three and a half is not a whole number ; a 
whole number is also called an integer; the numbers used 
hitherto in this book are all integers; there are no fractions^ 
as halves^ quarters^ &c., are called. 

2. When the Multiplier is greater than 12. 

Rule 1. Place the multiplier under the multiplicand, 
units under units^ tens under tens^ and so on. 

2. Begin by multiplying by the units-figure of the mul- 
tiplier, and you will get a row of figures, as in the former 
case; then, multiply, in like manner, by the tens-figure^ 
taking care to put the first figure you get under that tens- 
figure, and you will thus have a 6ccond row of figures ; then, 
multiply by the thirds or hundreds-figure^ of the multiplier, 
taking care, as before, to put the first figure you get in the 
new row, under that third figure : and proceed in this way 
till you have multiplied by every figure of the multiplier. 

3. Add up all the rows of figures, and you will get the 
l^oducU 

For example : suppose you have to multiply 658 by 43. 
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Placing the multiplier 43 under the multiplicand, 658 

as in the margin, you would first multiply by the 43 

3, and say, 3 times 8 are 24, 4 and carry 2; 3 
times 5 are 15, and 2 are 17, 7 and carry 1 ; 3 
times 6 are 18, -and 1 are 19. The first row is 
now completed. 

You would then multiply by the 4, and say, 4 
times 8 are 32, 2 and carry 3, and you would be 
careful to put the 2 under the figure you are mul. 
tiplying by, that is, under the 4 ; 4 times 5 are 20, 
and 3 are 23, 3 and carry 2 ; 4 times 6 are 24, 
and 2 are 26. The second row is now com- 
pleted; and as there are no more figures in the 
multiplier, you would draw a line under the two 
rows, and add them up : you would thus find the 
j^roduot of the two fotctors^ 658 and 43, to be 
28294. If, after having multiplied by the 3 and 
the 4, there had been still another figure in the 
multiplier, you would have had a third row of 
figures to add up : thus, if the multiplier had 
been 243, the work would have been as here 
shown: so that 658x243 = 159894. The 
next example in the margin is one in which 
the multiplier has four figures : you should 
look over the work ; but you cannot want any 
explanation of it, after what has already been 
said. Below are three examples, similar to 
these in the margin, for you to work yourself. . 

1. '764x35. 2. 764x356. 3, 242635x3456. 

(25.) I have put these three examples here, rather than 
among the exercises at page 24, because^ I think it better 
that you should have a little practice in the Rule, before J 
fcshow you how you may shorten the work in certain cases, 
I mean in those cases where noughts or ciphers occur in the 
multiplier or at the end of the multiplicand. 

1. If ciphers occur at the end of the mul- 
tiplier, and you were to proceed exactly as the 
rule tells you, you would get so many rows of 
ciphers: now you avoid the trouble of writing 
down these rows, by departing so far from the 
rule, as .to push the ciphers as many places 
to the right hand. Thus, suppose you had to 
multiply 3264 by 2300 : then, pushing the two 



1974 
2632 

28294 

658 
243 

1974 
2632 
1316 

159894 

378024 
5346 



2268144 
1512096 
1134072 
1890120 

2020916304 



3264 
2300 

979200 
6528 

7507200 
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noughts, or zeros^ two places to the right, you get the pro- 
duct hy multiplying as in the margin ; the two noughts being 
brought down before jou begin. 

2. If ciphers occur at the end of the mul. 
tiplicand, jou push them to the right in tlie 
same way : thus, in multiplying 372000 by 36, 
you work as in the margin, bringing down the 
three noughts befo**e you begin. When both 
&ctors end in nougiits, you bring down ctll the 
noughts before you begin to multiply, as in the 
second example in the margin, where the two 
factors, or numbers to be multiplied together, 
are 283000 and 470. 

You plainly see, in each of these cases, that 
the noughts brought down before you begin 
the multiplication, may be left where they are 
till after you have done it, and may then be 
brought down to complete the product; but if 
you did not bring them down at first, it mi^ht 
happen that you might forget them : you can 
leave them till the last if you like. 

3. If a cipher occur in the multiplier, any- 
where except at the end, it is to be neglected 
altogether ; for it could only give you a row of 
noughts, to be added to other figures, and the 
adding of noughts is useless. Thus, if we mul- 
tiply 2473 by 3502, as in the margin, we put 
down a row of noughts, which has no effect 
upon the sum of the rows. The multiplier 
nought should therefore have been passed over. 

Remember, however, that whether you pass 

over noughts or not, the first figure, on the right, in eacli 
row, must be directly under the multiplying-figure that pro- 
duces that row. If the row of noughts had been omitted in 
the last example, the 5, in the row 12365, must still have 
been placed under the multiplying-figure 5, in the mul- 
tiplier 3502. 

(26.) It only remains for me now to prove to you the 
truth of the rule for multiplication. For this purpose, let us 
refer to one of the preceding examples ; the second example, 
for instance, at page 21, and let us examine what has actually 
been done in the working of it by the rule. The example is 
to multiply 658 by 243. Now 243 is 200, 40, and 3 ; so 



372000 
36 

2232000 
1116 

13392000 



283000 
470 

19810000 
1132 

133010000 



2473 
3502 

4946 
0000 
12365 
7419 

8660446 
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tliat if we multiply 658, first bj 200, then bj 40, then by 3, 
and add up tbe three products, it is plain tbat we shall get 
the complete product required. The three partial products, 
that is, the products tbat are only parts of the whole pro- 
duct, are 

658x200 = 131600) 

658 X 40 = 26320 V tbe partial products. 

658 X 3= 1974 j 

See (22), p. 18. 159894 the complete product 



By comparing this with the work at page 21, you see that 
when tbe noughts are rubbed out, the partial products are 
the same in both cases, tbe only difference being, tbat there 
tbe least of these products is written down first, and tbe 
greatest last, while here tbe greatest stands first, and the 
least last. Let us take the next example, where the mul- 
tiplier is 5346; that is, 5000, 300, 40, and 6; and let ns 
here multiply by the smallest number first, namely by 6, 
then by 40, then by 300, and lastly by tbe largest number, 
5000. 

378024x6 = 2268144^ 

378024x40 = 15120960 1 ,. , _ . ^,. 

378024x300 = 113407200 fP*"*'^ P"^"^*^ 

378024x5000 = 1890120000 ) 



See (22), p. 18. 2020916304 complete product 

(27.) You thus see that the first row of figures found by 
tbe Rule, is tbe product given by multiplying by the units 
of the multiplier; tbe next row is tbe product given by mul- 
tiplying by tbe tens of tbe multiplier, the nought on the right 
being omitted; the next row is tbe product given by mul- 
tiplying by the hundreds^ tbe two noughts being omitted, 
and so on. And you see that by leaving out these noughts 
at tbe end of tbe partial products, no error can be introduced 
into the complete product, which remains the same, whether 
the noughts be removed or not. It is plain tbat such is the 
principle of the rule, whatever be tbe multiplier. 

(28.) There is a method of trying whether the product of two numhert 
is correctly brought out which ought to be shown to the learner, though 
the truth of it cannot be satisfactorily proved without the help of algebra : 
it is called the method of casting out the 9'«, and depends on a property 
belonging to all numbers, namely, that if any number be divided by 89 
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Such a part of 1 is written thus, ^, and is read one^iiaih ; bo 
that the complete quotient in the above example is ld9244|. 
Suppose the number 835465 were so many shillings to be 
equally divided among six persons; then the sixth part, 
namely 139244^, would of course be the number of shillings 
due to each ; and as a sixth part of 1 shilling is twopence, 
the share of each person would be 139244 shillings and two- 
pence. You see if you were to take no notice of the re^ 
maindeTy you would wrong each of these six persons out of 
twopence. Always therefore take account of the remainder^ 
and write it, as here, with the divisor below it, and a little 
line. 

If it were required to divide 46539 by 7, then 7)46539 
taking account of the remainder^ which is 3, the > 
quotient^ or true seventh part, would be 6648|-. 0648-f 

If these were shillings, as before, the share of > 
each of the seven persons would be, 6648 shillings and a 
seventh part of 3 shillings. Three shillings is 36 pence, and 
a seventh part is therefore 5 pence and a penny over. There 
is no coin so small as the seventh part of a penny, so that if 
the persons are very particular, they must buy something 
with this peuny, and divide that among themselves ; but I 
dare say they would prefer to give it to you for working the 
example. 

You will now, I think, be able to understand the work of 
the following examples^ and to do the exercises on the next 
page yourself. 

8)538641 9)725432 11)340261 12)1046285 
67330 J 806031 30932-^: 87190 



Note 1. Tlie sign for division is -^, meaning divided by ; 
it is placed after the dividend, and before the divisor : thus, 
12-7-3 means 12 dividedhy 3; so that 12-f-3=4; 24-S-8=d, 
&c. But division is otherwise represented by writing the 
divisor below the dividend with a little line oetween them, 

thus,!? =4; £1=3, &o. 
^38 

Note 2. If you divide any number by 10, the quotient 

will be the very same as the number itself, omitting the hut 

figure^ which last figure will be the remainder^ as you can 

easily see. Hence you may always write down the quo- 
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tient at once without any work: thus, 627-7- 10=:62-Jjj; 

^=74A; ^=352V^; and so on: ^^, ^, ^% f, &c., 

SLte called fractions; they are read seven-tenths, three-tenths, 
uine-tentbs, two-fifths, &c. The arithmetic of fractions will 
be folly explained hereafter.* 

JSxercises. 

1. Divide 3724 by 5. 2. Divide 72081 by G. 

8. Divide 109234 by 7. 4. Divide 2006383 by 8. 

5. Divide 52094100 by 9. 6. Divide 11380625 by 11. 

7. Divide 10792039 by 12. 

8. What is the value of 265837-7-4 ? 

9. What is ?Z!£Z1 equal to ? 

10. What is ?1!^+H?3 ^^^^ ^ J 

11. What is ^^^^^^^^'--LHggg equal to? 

8 11 ^ 

12. What was the average number of persons daily visiting 

the Great Exhibition during the week commencing on 
Monday, Oct. 6, and ending on Saturday, Oct. 11 ? 
See Ex, 11, p. 8.t 

13. Ireland contains four provinces: what was the average 

population of each province in the year 1851 ? See 
Ex. 8, p. 1 2. 

14. Five years were spent on the work of the Britannia Tube 

over the Menai Straits ; what was the average yeai'ly 
expense ? See Ex. 4, p. 4. 

15. How many letters were on the average sent to the Post- 

Office ev#ry day of the week ending February the 21st, 
1851? See Ex. 16, p. 19. 

16. Letters are sometimes put into the Post-Office, by mis- 

take, without any direction; others are so b.idiy 
directed, that the postmen cannot find out where to 
take them ; and in some cases the people to whom tiify 
are directed have removed. All these letters are ^ellt 

* I hare thonght it pardonable to say thus much about fractions here , 
this slight allusion to them is nnavoidable, if the learner is expected 
thoronghly to understand what he is about. 

t In these questions theyractioiM/ parts of the quotients are not to be 
considered. 
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to wLat IS called the Dead Letter Office; many of 
these contain bank-notes and coin ; many others con - 
tain money -orders, bankers' cheques, &c. The amount 
in bank-notes and cash fonnd in the letters sent to the 
Dead Letter Office, in the two years between January 5, 
1849, and January 5, 1851, was eighteen thousand 
eight hundred and seventy pounds ; and the amount in 
money-orders, cheques, &c., was one million two hun- 
dred and twenty-six thousand two hundred and eighty- 
three pounds : * what was the average amount of tibe 
whole quarterly during these twenty-four months ? 

(31.) 2. When the Dimsor is greater than \2, 

Rule 1. Put the divisor on the left hand of the dividend, 
as in the former case, and mark off a place for the figures of 
the quotient on the right hand. 

2. In order to get the first figure of the quotient, look at 
the first or leading figure of the divisor, and at the first or 
leading figure of the dividend : you will thus be able to see 
how often the former figure is contained in the latter, if this 
latter be the greater of the two ; but if it be not the greater, 
then see how often the leading figure of the divisor is con- 
tained in the number formed by the first two figures of the 
dividend ; the quotient you thus get is to be put down as the 
first figure of the complete quotient. 

3. Multiply the divisor by this first figure, and subtract 
the product from the number formed by the corresponding 
leading figures of the dividend, and you will get the first 
remainder: but if it should happen that you cannot subtract, 
on account of the product being too great, it will be a proof 
that your quotient- figure is too great; you must therefore 
take it smaller, and begin again. If, on the other hand, yon 
can subtract, and you find the remainder to be a number no^ 
less than the divisor, this will be a proof that your quotient- 
figure is too small; you must then begin again with a larger 
one. Your quotient-figure will often be too large if you 
neglect to take account of the carryings in multiplying the 
divisor by it, and it will sometimes be too small if you allow 
too much for these carryings. 

* If the owners of this money do not appTy for it within three years, 
the cash goes to the Revenue ; the orders, bills, &c. are destroyed, and 
nn)perty of other kind is sold by auction for the benefit of the Revenue. 
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4. Having got tbe first remainder, which, mind, to be 
oorrect, must always be len than the dieUoTy annex to it the 
next figure of the dividend, and see how often the divisor is 
contained in the new number thus got ; jou will in this way 
find the second figure of the quotient ; multiply the divisor 
by it, and, as before, get a second remainder, annexing to it 
the next following figure of the dividend ; and proceed in this 
way till all the figures of the dividend have been used or 
brought down. 

If any remainder should be so small, that, even after put- 
ting the proper dividend-figure against it, it be leee than the 
divisor, the proper quotient-figure will, in that case, be 0, 
and another dividend-figure is to be brought down. 

Ex. 1. Divide 315281 by 23. 

Here, placing the dividend and di- 23)315281(13707 
visor as directed, we see that the first 23 

figure of the divisor is contained imce 
in the first figure of the dividend : we 
therefore put 1 in the quotient's place, 
and say, once 3 is 3, and once 2 is 2 ; 
and subtracting this 23 from the 31 
above it, we get, for the first'remainder, 
8, to which we annex 5, the next figure ■ 

of the dividend. We now have to see 181 

how often 23 is contained in 85, or, as 161 

learners usually say, how often 23 will 




^0 into 85. Looking, as before, only 20 

to the first figure of each number, we 



see that 2 will go into 8, 4 times : but a glance at the second 
figure of the divisor shows us that, in multiplying by this, 
we should have something to carry, so that the product of 23 
by 4 would be greater than 85. This warns ns that 4 is too 
great : we therefore put 3 for the second quotient-figure ; and, 
multiplying the divisor by this 3, and subtracting the pro- 
duct, we get 16 for the second remainder; and bringing down 
the next figure, 2, of the dividend, we have to see how often 
the divisor goes into 162. As the first figure, 1, of this num- 
ber is less than the first figure, 2, of the divisor, we now have 
to see how often the 2 goes into 16 ; this we at once find to 
be 8 times : but we at the same time know that 8 must be 
too great, on account of what we should have to carry after 
multiplying the 3 by it; so we put 7 for the third quotient- 
figure, multiply the divisor by it, subtract the product from 
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162y and thus get a third remainder, 1, which becomes 18 
when the next dividend-figure is annexed to it. We now 
have to see how often 23 goes into 18; and as it plainly 
goes no times^ we put a for the fourth figure of the quo- 
tient, and bring down the next figure of the dividend; so 
that we have to find, lastly, how often 23 goes into 181 : 
the 2 wiU go into the 18, 9 times; this, however, we know 
to be too great, because of what must be carried from 9 times 
3: we therefore try 8. The product of 23 by 8 is 184, 
which being greater than 181, we reject the quotient-figure 
8, as too large, rub out the product by it, and try 7. The 
product of 23 by 7 is 161, which is less than 181 ; 7 is there- 
fore the correct fifth quotient-figure, and the final remainder 
is 20, with which remainder the work ends, as all the figures 
of the dividend have been brought down. 

The final remainder is to be treated just as the last re- 
mainder in the former rule: it is to be written against the 
quotient, with the divisor underneath, and a short line be- 
tween them; the complete quotient is therefore 13707|f<i the 
/taction at the end being the twenty-third part of 20, so 
that the twenty-third part of the number 315281 is 13707, 
and the twenty-third part of 20 besides. 

After the full explanation here given of every step of the 
work of this example, I think you will be able to understand 
the operations below without any further help. 



75)826052(11014-^ 
75 


237)1 4658293(61849VW 
1422 


76 
75 


438 
237 


105 

75 


2012 
1896 


302 
300 


1169 
948 


2 


2213 
2133 



80 
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4052)3270064l3(70293iSJJ 
32564 



13664 
9304 

43601 
41868 

17333 
13956 

3377 



Whenever your dimsor ends in ciphers or zeros^ cut them 
off, or fancy them rubbed out, and cut off as many figures 
from the ri^ht hand of the dividend : then proceed with the 
work just as you would do if neither the ciphers nor the 
figures cut off were there; but remember, that when you 
arrive at the last remainder, you must put against it all tie 
figures you have cut off from the dividend to get the com- 
plete remainder. Suppose, for instance, 
you had to divide 278643 by 3500, and 
that you allowed the noughts to remain, 
the work would stand as in the margin, 
as yon already know, wh^e you see 
that the last ttco figures of the dividend, 
namely 43, are also the last two figures 
of the remainder. Now if you had cut 
these two figures off, as also the two 
ciphers, and had taken no notice of them 
till the end, you would have got, by 
uniting the two dividend-figures to the 
last remainder, the same quotient and 
the same remainder that you have got 
now, as the margin shows: you see, 
therefore, that by following this plan, 
you do away with useless ciphers. The 
complete quotient in this example is 



3500)278643(79 
24500 

33643 
31500 

2143 



35,00)2786,48(79 
245 

336 
315 

2143 
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237) 438293(1000 

237000 



237)201293(800 



237) 11693(40 



(32.) 1 have now to expUin to 
you the principle of the rules for 
division, and to show jod that they 
nlwuya lead tu to the true qaotient. 
Let us return to the second example 
above, and see what has been done: 
this example is to divide 14658283 
by 237 ; that is, we are required to 
find the 237th part of 14658283. 
By comparing the work with that 
in the margin, yon will see that we HiSti 

have done what was required, hy 

finding first the 237th part of a. por- 237)2213(8 

tion of the number, then the S37th 2133 

part of another portion of it, then of ■ 

another, and so on, til) ail the por- SO 

tions of it have been divided. You 237 

see that the seventl portions of the 
number here are 14220000+237000 

+ 189S00 + 8480 + 2133 + 80 = 14658293. The 237th 
part of the firtl portion is 60000 ; the 237th part of the 
second portion is J 000 ; the 237th part of the third portion i's 
800 ; of the/ourtk portion, 40 ; of thaji/th, 9 ; and the 237th 
part of the lait portion is ■J^ ; so that the 237th part of the 
nhole is 61849^^. And it is plain that a similar explana- 
tion applies to every example worked by the rule. 

In order to praoe whether any (^ration in division ia 
correct, yon have only to multiply the quotient (without the 
fraction) and the divisor together, and to add the last re- 
mainder to the product; the reault will be the dividead, if 
the work be right. Thus, if in the example just examined, 
61849 he truly the 237th part of 14858293, with 80 over, 
then 237 timt* 61849, with 80 taken in, must of coarse be 
14653283. 

(33.) The rule I have just been explaining is called the 
rule of Lonff Div\no»i the fonner rule, which serves only 
for divisors not gieatei than 12, is called the rule of Short 
Jfieition. Examples in thit mle may of course be also 
woiked by liin^' division; in fact, the second rule includes 
the first, only that ezamplee in the first may be worked in 
less space. Nobody would actually do such examples by 
/■"iy iHvJHun; and I only mention, that the second rulo 
re.-»lly iiifhules tiie first, lest you should be in any doubt as Uj 
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wbetber the pf Inciple of short divuion ought to be separately 
explained. Rather than work a short-division example by 
long diylsion, it will be wiser to work a long-division ex- 
ample by short division, as may always be done when the 



56)38248(683 
336 



8)38248 


464 




448 


7) 4781 






168 


683 


168 



Hi visor can be expressed hyfactoriy 
of which no one is greater than 
12 : thus, 5Q is composed of two 
such factors, for 8 x 7 = 56. If, 
therefore, you have to divide a 
number by 5Q^ you may first 
divide the number by one of these 
factors, and then divide the quo- 
tient by the other : both forms of 
division are shown in the margin. 

This is an example with no remainder : in some instances, 
the division by the first factor leads to a remainder, the 
division by the second factor to another remainder, and so on. 
Now when division by any factor leaves a remainder, you 
must write a fractwit^ as in the former examples, having this 
remainder above, and the number you have divided by below. 
Should the next &ctor also leave a re- 
mainder, you must multiply thu remainder 
by the lower number of the former fraction, 
and add in the upper number of it ; this will 
give the upper number of the next fraction, 
and the product of the divisors already em- 
ployed will be the lotDer number of the new 
fraction. Two examples are given in the 
margin: in the first of them, the divisors 
are 8 and 7, the factors of 56; in the 
second, the divisors are 3, 6, and 7, the 
factors of ]26 ; that is, 3 X 6 X 7 = 126. If 
you use long division for the two compom(4 
divisors, 56 and 126, you will find the quo- 
tients to be the same. I cannot explain to 
you now how it happens that the fractional 
part of each quotient is truly brought out, as in the margin, 
but you will see it aU veiy clearly when yon come to 
Fraetioni, 

JSxercUewk 

1. Divide 2463 by 47. 2. Divide 39072 by 83. 

3. Divide 11^7054 by 342. 4. Divide 8264921 hj 576. 



8)38259 
7) 4782f 



683H 



3)24632 
e) 821 Of 
7)1368tV 

195^ 
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5. Divide 9460257 by 843. 6. Divide 40627385 by 2712- 
7. Divide 7926400 by 3046. 
8 Divide 81729361 by 402600. 
9. AVhat is 17690234-7-78910? 
10. What 18 27506381-7-80247? 

] 1. What is the value of ^^^,^ ? 

26083 

12. What is the value of ? 

3427500 

13. The gross earuiDgs of the Great Western Railway, for 

passengers and goods, for the first half of the year 
1851, were 438834 pounds; the distance travelled up 
and down is 264 miles: what were the earnings per 
mrle for the half-year ? * 

1 4. It is found that in a large number of persons, say a hun- 

dred thousand, aged 25 years, about one in every 26 
dies before arriving at the age of 30 years : how many 
may be expected to die out of the whole in these &Ye 
years? 

15. It is estimated that 1 out of every 1585 persons in Oreat 

Britain is deaf and dumb : how many deaf and dumb 
persons are there in the entire population, which, 
according to the Census of 1851, is 20936468 persons ? 

16. The number of blind persons in Great Britain is at the 

rate of about one in every thousand : how many more 
blind persons are there than deaf and dumb ? 

17. The Himalaya mountains in India are the highest in the 

world ; some of them have been found to measure 
twenty-seven thousand feet: how many buildings, as 
high as St. Paul's in London, must be piled, one upon 
another, to reach to this height, the height of St. 
Paul's being 344 feet? 
18 The shilling catalogue of the Great Exhibition contains 
320 pages, and is more than half an inch in thickness : 
there were three hundred thousand copies printed : 
suppose that each copy were pressed to the thickness of 
half an inch, and that all were then piled up, one upon 
another, how many times the height of the Monument, 
near London Bridge, would the pile reach, the height 
of the Monument being 202 feet, or 2424 inches ? 

^ In these qaestions the Jrmctionai parts of the qaotienti need not be 
"n into aucount. 
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(34.) You have now been brought through the first four 
rules of Arithmetic : from the expUinations which have been 
given of them, I think you should understand the reasons of 
the operations those rules direct to be performed : and from 
the many exercises which have been proposed, yon ought to 
be pretty ready in the practice of them. Everything that 
follows will depend upon these four rules: there are no 
operations in arithmetic besides those of addition, subtraction, 
multiplication, and division. Different names will be given 
to different rules in the remaining part of the subject; but 
adding, subtracting, multiplying, or dividing, are the only 
operations that can enter into the work of any of them. The 
rules now given are called the four simple rules of arith- 
metic ; simple addition, simple subtraction, simple multiplica- 
tion, and simple division. They are called simple^ not 
because they are so eewy, but because every example belong- 
ing to them has to do amply with one denomination of 
quantities or things, as pounds^ persons, miles, &c. These 
are each called things of the same denomination, A sum of 
money, composed of so many pounds, so many shillings, and 
so many pence, is composed of quantities of different deno^ 
minations; and in like manner a distance or length composed 
of miles, yards, and feet, is composed of quantities of different 
denominations ; and accordingly, when the rules of addition, 
subtraction, &c., are applied to these, they are called com^ 
pound rules, so that you see the cause of the distinction 
between simple addition and compound addition, between 
simple subtraction and compound subtraction, &c. 

(35.) I am now going to introduce you to the arithmetic 
of compound quantities ; but before I do so, you will have to 
learn a few tables, in order that you may know how many 
quantities of a lower denomination are contained in a single 
quantity of the same kind, but of a higher denomination ; as, 
for instance, how many feet in a mile, how many ounces in a 
pound weight, how many gallons in a barrel ; and so on. 

The table of liquid measure, at page 42, contains more 
particulars than you need commit to memory, as the altera- 
tion in the capacity of the gallon, which took place in 1826, 
alters the number of gallons now contained in the old casks. 
The imperial gallon is used equally for wine and malt liquor ; 
it is less than the old beer gallon, and greater than the old 
wine galloii. (See foot-note, page 420 
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TABLES OP MONEY, TIME, WEIGHTS, MEASURES, &e. 

MONEY. 

In the United Kingdom, money-accounts are kept in 
poundt, thillingt^ pmce^ and farthingt. The symbols op 
marks used for these are JB, for pounds ; #, for shillings ; and 
d^ iox pence : q is sometimes used for fiirthings, or qtuxrters of 
a penny, and sometimes the letter^ The pound used to be 
represented by a Bank«note, value 20*.; it is now re- 
placed by a gold coin, called a s<yoereign; there was formerly 
another gold coin, called a guinea^ the subdivisions of which 
were the half -guinea^ and the 9even'Shilling piecs. The 
value of the guinea was 2J#. Though this latter coin has 
gone out of circulation, it is still oustomaiy to call 2 It. 
a guinea. The weights of this coin and its subdivisions are 
given below; as also of the 5$. piece, or erotonj and hal/^ 
crotDUy in the present coinage. 

QoLD Coins — Old Coinage. 

NonM. Value. Weight, troy. 

Guinea 21#. Od. 5 dwt.* 9 |f gr. 

Half-Guinfea 10#. ei. 2 16|f 

7*. Piece 7*. Od. 1 1 9 1^ 

New Coinage. 

Sovereign 20*. 5 3 Hi 

Half-sovereign 10*. 2 13f|i 

Silver Coins — New Coinage. 
Crown 5*. Od. 18 4 ^ 1 



Half-Crown 2*. 6</. 9 2^ 

Shilling \2d. 3 15 ,V 

Sixpence 0*. ^d. 1 ^^ ^ 

43. Piece 0*. 4i. 1 5^ 

Sd. Piece 0*. 8d. 21 -A- 

* The mark dwt means pennyweight, and gr. itaads for grains.— Soi 

table of Troy Weight '^ ' ^ 



i 
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Pence Table. 



4 fiGurthings make 1 | 50 make 

12 pence 

20 

24 

30 

36 

40 

48 



9. d. Pence. 



9, d. 



n 



99 



99 
99 



99 



99 
>9 



99 



1 





60 


1 


8 


70 


2 





72 


2 


6 


80 


3 





84 


3 


4 


90 


4 





96 



99 



99 
99 
99 
99 



99 



4 
5 
5 

6 
6 

7 
7 
8 



2 

10 

8 

6 



100 
108 
110 
120 
130 
132 
140 



0| 144 



make 



99 
99 



99 



99 
99 



99 



99 



8 


4 


9 





9 


2 


10 





10 


10 


11 





11 


8 


12 






A farthing is represented thas : \d.y meaning one-fourth of a 
penny; two farthings^ or one halfpenny, thus: ^. ; and 
three farthings thus : f(/. 

Note. — GU>ld coins are allowed by law to pass under the full weight, 
an allowance of a little more than ^ grain being made for the diminutioa 
of weight by use : thus, a sovereign passes for its full value, provided it 
reach the weight of 5 dwt. 2f gr. Gold coins are not wholly of pure 
gold ; they are made of what is called standard gold, which is composed 
of 11 parts of pure gold, and 1 part of an alloy of either pure copper or 
copper and silver. Any quantity of gold, whether alloyed or not, is, for 
convenience, supposed to be divided into 24 parts, called caraU: and the 
degree of purity of the mass is expressed in these carats : thus, standard 
or sterling gold is 22 car at8 fine, the remaining 2 carats being alloy. 
Unalloyed gold is 24 carats fine. Gold is not idloyed in coinage from 
motives of frugality, but for convenience of workmanship, and for the 
purpose of rendering the coin harder and more durable. Articles of plate, 
in gold, are allowed to be of standard purity,— that is, 22 carats fine ; 
but in watch-cases this degree of fineness is not permitted ; the standard 
for t?iem is 18 carats fine ; so that one-fourth of the material is alloy. 
The ** Hall mark," which guarantees the proper degree of purity, is 
usually stamped on the ring that suspends the watch, and on other parts 
of the case. 

Standard silver, for silver coins, contains 11 oz. 2 dwts. of pure silver 
in 1 lb. troy, and 18 dwts. of alloy. 



TIME. 




60 seconds, marked thus, 60 sec. make 


1 minute. 


60 minutes, „ 60 m. „ 


1 hour. 


24 hours, „ 24 h. „ 


1 day. 


7 days, „ 7d. „ 


1 week. 


52 weeks 1 day „ 52 w. 1 d. „ 


1 year. 


52 weeks 2 days, or 366 d. „ 


1 leap year. 



Leap year occurs once in every four years* when a day must be added 
to 365, the number of days in a common year; the month which takes 
this additional day is February, which in leap year has 29 days. If the 
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date of fhe year be divided by 4, and there be no remainder, tbat yeai 
will be leap year ; and 1, 2, or 3, will remain, according as the year is 1, 
2, or 3 years after leap year. The number expressed by the last two 
figures only of the date may be used instead of tiie complete date, as the 
remainder arising from diyision by 4 will be the same : thus, the year 
1852 is leap year, since 52 is exactly divisible by 4. The addition of « 
day every fourth year is rendered necessary on account of the ordinary 
year being taken as 365 days, instead of 365| days, which it is within a 
few minutes ; so that in 4 years a whole day would otherwise be over- 
looked. Even as it is, the few minutes just noticed, by which 365^ days 
differs from the true year, as shown by the son, accumulate to an error 
of about 3 days 2^ hours in 400 years. This error is an error of excess . 
for the true solar year is 365 d. 5 h. 48 m. 49 sec. To remove the effect 
of this error, it has been fixed that when the year consists of complete 
eenturiee (a century being 100 years), although the date would be exactly 
divisible by 4, yet the year is not to be considered as leap year, unless the 
date, omitting the two final noughts or zeros, is also divisible by 4 : thus, 
the years 1800, 1900, 2100, &c., are to be reckoned as common years, 
since 18, 19* 21, &c., are not divisible by 4 ; but 1600, 2000, &c., are 
leap years. With this correction the civil reckoning so far agrees, on the 
average, with the astronomical determination of the year, as to be only 
one day in advance of the strict truth in 3546 years, — an error which for 
the purposes of life it is unnecessary to make any provision for. 

The year is divided into twelve parts, — January, February, 
March, April, May, June, July, August, September, October, 
November, and December. These are called the 1 2 calendar 
monthi. Each of these, except February in a common year, 
contains more than 4 weeks, or 28 days; yet, in ordinary 
language, 4 weeks is called a month. There are 13^ of the^e 
months in a calendar year. The number of days in each 
calendar month may be easily recollected by aid of the fol- 
lowing lines :— 

Thirty days hare September, 

April^ June, and November, 

February has twenty-eight alone, 

And all the rest have thirty-one ; 

But leap-year, coming once in four, 

February then has one day more. 



WEIGHTS. 

Avoirdupois. rnark9. 

16 drams make 1 ounce (oz.) 

16 ounces „ 1 pound (lb.) 

28 pounds „ 1 quarter . (qr.) 
4 quarters, or 1 1 2 lbs. „ 1 hundred- weight (cwt ) 

'0 hundred-weight „ 1 ton (t.) 
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By this weight ootne and bulky goods are wdglied, and all the com- 
men necessaries of life. The weight called a iione is also much used for 
like purposes ; but it is not fixed , like the other weights given above ; in 
general* however, by a stone is meant 14 lbs. avoirdupois. In London, 
a stone of butcher's meat is only 8 lbs. ; but in many country places it is 
14 lbs., and in some 16 lbs. Unless, however, the contrary be stated 
(batchers' meat excepted), by a sione 14 lbs. is always understood, so 
that 8 stone make a cwt. ; 2 stone of 14 lbs. make 1 tod of wool ; 6^ tods, 
1 wey ; 2 weys, 1 sack ; and 12 sacks 1 last : 12 sacks also make a chal- 
dron of coalsi^-A measure now discontinued. 

Trot. marks. 

24 grains make 1 pennyweight (dwt.) 

20 pennyweights ,, 1 ounce (oz.) 

12 ounces „ 1 pound (lb.) 

This weight is for the precious metals, and for ingredients used in 
philosophical experiments. The grain troy is subdivided into 20 parts, 
called miiet ; so that 20 mitet ss 1 grain. The avoirdupois ounce is less 
than the troy ounce ; for 1 os. avoir, ss ^fj os. troy ; but the avoir- 
dupois pound is greater than the troy pound; for 1 lb. avoir. =s -^ lb. 
troy. 

Apothecaries. nunrks. 

20 grains make 1 scruple (sc. or 9) 

8 Bcmples „ 1 dram (dr. or 5) 

8 drams „ 1 ounce (oz. or J) 

12 ounces „ 1 pound (lb.) 
Apothecaries and chemists use this weight in mixing medicines ; but 
drugs are bought and sold by avoirdupois weight. 



MEASURES 

Of Length, Surface, and Solid or Cubic Contents. 

Length (or Long Measure). markM. 

12 inches nuJce 1 foot (ft.) 

3 feet „ 1 yard (yd.) 
6 feet „ 1 &thom (fath.) 
5^ yards „ 1 rod, pole, or perch (per.) 

4 perches, or 100 links 1 chain (22 yards) 

40 poles „ 1 furlong (^^^0 

8 furlongs „ 1 mile (1760 yds.) (mi.) 

3 miles „ I league (lea.) 

Cloth. 
2^ inches ,, 1 nail (na.) 

4 nails „ 1 quarter of a yard 

5 quarters „ ] ell English 
3 quarters „ 1 ell Flemish. 

A hatid^ in measuring horses, is 4 in. ; a tpan^ 9 in. ; and 
a paee^ 5 feet. A rood of fencing or ditching is 7 yards. 
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Surface (or Sqitarb Measure). 

make 



144 sqaare inches 

9 square feet 
30^ square jards 
40 sq. perches 
4 roods 

10 sq. chains, or 100000 sq. links 
640 acres 
100 square feet 
272^ square feet 



1 square foot. 

1 square yard. 

1 sq. rod, pole, or perch. 

1 rood. 

1 acre. 

1 acre. 

1 square mile. 

1 square of flooring. 

1 sq. rod of brickwork. 

Solid, or Cubic Measure. 

1728 cubic inches make 1 cubic foot; and 27 cubic feet make 

1 cubic yard. 









» 



a < 



• 
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Measures for Wine, Spirits, 

4 gills make 

2 pints 
4 quarts 
10 gaUont 
18 gcdlont 
31^ gallons 
42 gallom 
63 gallom 
84 gallons 
126 gallons (2 hhds.) 
252 gaUons 
9 gallons 
2 firkins 

2 kilderkins (36 gal.) 
54 gal, or 1^ bar. 
72 gal, or l| hhd. 
108^a/. or 1^ pun. 
^216 gal, or 2 butts 



j> 



» 

55 

.5J 

55 
W 

5^ 

55 

55 
55 
55 
95 



55 



Ale, Bker, &c. 

1 pint. 

1 quart. 

1 gallon, 

1 anker. 

1 runlet. 

1 barrel. 

1 tierce. 

1 hogshead (hhd.) 

1 puncheon. 

1 pipe, or butt. 

1 tun, or 2 pipes. 

1 firkin. 

1 kilderkin. 

1 barrel. 

1 hogshead. 

1 puncheon. 

1 butt. 

1 tun. 



* These measures are inserted here chiefly because the learner may 
know the number of gallons meant whenerer ne meets with the names of 
them ; but he must be here apprised, tliat these gallons are not imperial 
gallons, but gallons according to the old measure, which has been abo- 
lished. Old gallons, wine measure, are couTerted into imperial measure 
by multiplying by f ; and old gallons, ale measure, are converted into 
imperial measure by multiplying by ||^, which fractions are sufficiently 
accurate for practioil purposes. The names of the measures for wine 
and ale, marked aboTe, are now merely the names of easts, and do not 
denote imperial measures t indeed, some of these names were never un* 
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The imperial gallon is a meaanre of the same uniform capacity, whether 
for wine, ale, heer, com, or any other commodity; it must contain 
exactly 10 lb. avoirdupois of distilled water. The barrel, hogshead, &c. 
differs in capacity, according as it is used for wine or beer. 

Corn, or Dry Measure. 



2 pints make 1 quart. 

2 quarts „ 1 pottle. 

2 pottles „ 1 gallon. 

2 gallons „ 1 peck. 

4 pecks „ 1 bushel. 



2 bushels make 1 strike. 
2 strikes „ 1 coom. 
2 cooms (8 bush.) 1 quarter. 
5 quarters „ Iwejorload. 
2 weys „ 1 last 



The standard weight of a sack of coals is . 2 cwt. ; so 
that 10 sacks weigh 1 ton. A ship-load is 4240 sacks, or 
8480 cwt. A sack contains 3 buiheU^ heaped measure; but 
heaped measure is now abolished. 



DiYisiON OF the Circumference op a Circle. 

The circumference of every circle is supposed to be divided 
into 360 equal parts, called degrees; these, of course, are 
longer or shorter, according as the circle is greater or less. 
Each degree is divided into 60 equal parts, called minutes; 
and each minute into 60 equal parts, called seconds: the 
marks for degrees, minutes, and seconds, are a small ^ for 
degrees, a dash ' for minutes, and two dashes " for seconds, 
thus : 

60"= 1'; 60'= 1**; 360** = a whole circumference; 

90** = a quadrant. 

A degree of the circle round the earth at the equator, or a 
degree of a meridian, is about 69-^ miles ; so that the length 
of 1' is the 60th part of this, which is the length of a sea- 
mile, or, as it is frequently called, of a geographical mile; a 
geographical, or nautical mile, being the length of 1' of the 
equator or meridian ; it exceeds a land mile by about -f of 
that mile. 



alterably fixed in meaning : a pipe of wine of one kind often differed 
considerably in measure from a pipe of anotber kind. Whatever name 
b<f still retained for the catki the liqnor contained in it is always gauged 
or metuuredj and valued in imperial gallons accordingly. It is useful t(> 
remember, however, that if a person were now to purchase a runlet of 
wine,— that is, a cask of that name full of wine, — ^he would get only f of 
18 imperial gallons ; that is, only 15 gallons imperial measure. The word 
gallons is printed in italics above to imply that old measure is meant. 
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REDUCTION. 

(36.) Reduction is the Dame given to the operations hy 
which a quantity is reduced to another of the same value, hut 
of different denomination. The operation, for instance, by 
which pounds in money are reduced to shillings, pence, or 
farthings ; or &rthings to pounds, years to hours, &c. You 
see, therefore, that Reduction is of two kinds : the reduction of 
a higher denomination to a lower, and the reduction of a lower 
to a higher ; it is therefore comprised in two rules. 

1. To deduce a Quantity to one of a Lower Denomination, 

Rule. See hy the tahles how many quantities of the nea;t 
lower denomination make one of the higher, and multiply 
the proposed quantity hy that number ; tlie product will be 
the quantity in the next lower denomination. 

If it is to he reduced still lower, see how many quantities 
of that next lower denomination make one of the denomina - 
tion already reached, and, as before, multiply by that number ; 
and so on till you reach the denomination required. 

Ex. 1. Let it be required to reduce 
£124 to farthings. £124 

As 2,0 shiUing9 make one pound, we 20 

first multiply by the number 20; this 

reduces the £124 to 2^%0 shillingt ; and, 2480 shillings, 
since 12 pence make one shilling, we then 12 

multiply the number 2480 by the number 

12, which reduces the 2480 shillings to 29760 pence. 
29760 pence ; and, lastly, since 4 far- 4 
things make one penny, we multiply the ■ 
number 29760 by 4, which finally re- 11 9040 farthings, 
duces the £124 to 1 19040 farthings. 

If any quantities of the lower denominations are connected 
with the quantity to be reduced, we must, of course, add 
them in with the products which give the same denomina- 
tions; thus, if shillinge had been connected with the £124 
above, these shillings must have been added in with the 
product 2480, which gives shillings ; and if pence had also 
been connected with the pounds, we must have added them 
in with 29760, the product which gives /?dtice ; and so on. 
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£,. t. d. 

124 13 4i 
20 



2493 shillmge 

29920 pence 
4 



119682farthing8 



372 15 
20 



ri 



2. Suppose we had to reduce <£124. ld#. 
4^. to fJELTthings. 

Then, multiplying the 124 by 20, and 
taking in the 13, we have 2493 shillings; 
and multiplying 2498 by 12, and taking 
in the 4, we have 29920 pence; and, 
lastly, multiplying 29920 by 4, and taking 
in the 2 farthings, we have finally 119682 
farthings. 

It id proper that I should notice here, 
that in reducing pounds to shillings you do 
not multiply the pounds by 20, but only 
the number of pounds ; if pounds be multiplied by any num- 
ber the product must be pounds. In like manner, in reducing 
to pence, it is not the shillings you multiply, but only the 
number of them. It would be tedious to be always making 
this distinction in rules and examples, though it is right that 
you sliould not be misled by the brief language £• s. d, 
in which rules are sometimes expressed. 

3. Reduce £372. 1 5s. l%d. to farthings. 
Here we multiply by 20, and take in 

the 15; then by 12, and take in the 7; 
and, lastly, by 4, and take in the 3 ; as in 
the margin. 

4. How many minutes are there in 29 
days, 3 hours, and 21 minutes? 

Since 24 hours make one day, and 60 

minutes one hour, we have to multiply, first 357871 farthings' 
by 24, taking in the 3 hours, and then by 
60, taking in the 21 minutes, as in the 
margin. 

You will of course understand, when it 
is said that 24 hours make a day, that what 
in common language is called a day and a 
night is meant. People in general consider 
a day to end at 12 o'clock at night, and 
then a new day to commence, which lasts 
till 12 o'clock the following night, thus com- 
pleting 24 hours ; yet it is customary to call 

that part of the 24 hours usually deroted to 41961 minutes. 

sleep, night ; and to apply the term day more 

especially to the other portion. Astronomers begin their day 
at noon, and end it at the noon following.' What they would 



7455 shillings 
12 

89467 pence 
4 




h. 
3 



m. 
21 



699 hours 
60 
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call Jan. 5, at 18 h. 15 m., we should call lb. os. awt. gr. 

Jan. 6, at a ^ past 6 in the morning. 17 6 14 21 

5. How many grains are there in a 
lump of gold, weighing 171b. 6oz. 
14dwt21gr.? 

Here we have to multiply, first by 
12, taking in the 6 ; then by 20, taking ■ 
in the 14 ; and, lastly, by 24, taking in 4214 
the 21. As the first figure, arising from 24 

multiplying by the 4, expresses uniUy 

we shall add the units in 21, namely 16857 
the 1, to this figure ; and as the figure 8430 

arising from multiplying by the 2 is 

tens^ we shall add the tens in 21, namely 101 157 grains, 
the 2, to this figure. 

Note. You may sometimes have to multiply by a number 
with a fraction joined to it, as, for instance, by 5^, in order 
to reduce perches to yards ; to do this you may first multiply 
by the 5, and then to the product add half the multiplicand ; 
or you may multiply by twice 5^, that is by 11, and then 
divide the product by 2. If the fraction be one-fourth^ or 
three^fourthsy you may reduce all to fourths, by multiplying 
the number to which Uie fraction is joined by 4, and taking 
the odd fourths in ; the result will then be four times the 
true multiplier, which you may ^use instead of the true one ; 
but then you must remember to divide the product by 4, to 
get the true product. In general, however, the best way 
will be, when you have to multiply by i, to take a fourth 
part of the multiplicand ; and when you have to multiply bv 
I, to take half the multiplicand for ttoo fourths, and then half 
of this for the remaining fourth. These portions of the mul- 
tiplicand, added to the product you get by using the multiplier 
without the fraction, will give the complete product. Thus : 
suppose 327 i^ to be multiplied by 5^, and 30^, respectively, 
the work is aa follows : • 

2)327 4)327 

5^ 30i 

1635 9810 

163j/ori. 81i/ori. 

Product 1798^ Prodact 989 If 
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In the first of these operations, 327 perches are redaoed to 
yards ; in the second, 327 square perches, or rods, are re- 
duced to square yards. 

Bxercises. 

1. Reduce £865. 179. 5d. to pence. 

2. Reduce £397. I6s. ^d. to &.rthings. 

3. How many minutes are there in 865 days ? 

4. How many pounds are there in 5cwt. 3 qr. 18 Ih. of 

cheese? 

5. Reduce 73 oz. 1 7 dwt. 1 1 gr. of gold to grains. 

6. How many inches are there in 237^ yards of length ? 

7. Reduce 47 miles 5 furlongs 9 perches 3 yards to yards. 

8. How many square yards are there in 7 acres ? 

9. How many pounds are there in 3 tons 13cwt. 2qrs. 22 Ih. ? 

1 0. Reduce 46 barrels of beer to quarts (old measure). 

11. The middle arch of the Southwark Iron Bridge weighs 

about 1523 tons: what is its weight in pounds? 

12. The great bell of St. Paul's weighs 5 tons 2 cwt. 1 qr. 

22 1b.: what- is its weight in pounds ? 

13. The largest bell in the world is that of Moscow; its 

weight is 192 tons 1.7 cwt. 16 lb.: reduce this to 
pounds. 

1 4. The money taken in silver alone at the doors of the Great 

Exhibition weighed about 35 tons : how many avoir- 
dupois ounces did it weigh; and how much silver 
money was taken, allowing 5s. to weigh an avoirdupois 
ounce, as is very nearly the case ? 

15. A pipe of wine is to be drawn off in an eqiuil number of 

quart, pint^ and half-pint bottles : how many of each 
will there be (pld measure) ? 

1 6. How many grains are there in thr^^ dozen of table-spoons, 

each spoon weighing 2 oz. 4 dwt. ? 

17. The ground occupied by St. Paul's Cathedral measures 

2 acres 16 perches : how many square feet are there in 
this extent-? 

] 8. A vat, or large cask for preserving beer, was built for 
Mr. Meux, the brewer, so capacious that 400 men 
stood without inconvenience inside of it : it held twelve 
thousand barrels of beer; how many quarts did it 
contain (old measure) ? 

19. The total receipts of the Great Exhibition were £505107 : 
if this sum were reduced to shillings, and a person were 
to begiu counting them as soon as Jan. 1, 1852, com* 
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menoed, at the rate of 80 shillings a minute, and to 
continue counting twelve hours a day, in what month, 
and on what day of that month wonld he have finished 
his wearisome task ? * (Remember that 1852 is leap- 
year.) 
20. The weight of the gold taken at the doors of the Great 
Exhibition was about one thousand seven hundred and 
fifty-one pounds troy: how many sovereigns were 
there, each sovereign weighing 123 grains? 

37.) 2. To ReducB a Quantity to one of Higher Denomination. 

RuLB 1. Reduce the quantity to the neat higher denomi- 
nation, by dividing it by the number which expresses how 
many of the lower denomination make one of the higher. 

2. In like manner, reduce this new denomination to that 
next higher, by again dividing; and so on till the proposed 
denomination is reached. 

Ex. 1. Reduce 119040 far- 4)119040 forthings 
things to pounds. ^— — 

First, dividing by 4, to reduce 12) 29760 pence 
the fiutbings to pence, we get 29760 ^— — 

pence; next, dividing by 12, to 2^0) 248^0 shillings 
bring these pence into shillings, we ■ 

reduce it to 2480 shillings; and, 124 £ 

lastly, dividing by 20, we find the — 

number of pounds to be 124. (See Ex. 1, page 44.) 

2. Reduce 357871 farthings to 
pounds. 4)357871 

Dividing by 4, as before, we get 

89467 pence, and three farthings. 12) 89467} 

Dividing these pence by 12, we get 

7455 shillings, and 7 pence; and, 2,0) 745,5 7d. 

lastly, dividing the shillings by 20, 

we get £372. \5s, ; consequently the £372. 15t. 72<iL 

entire sum is £372. 15#. 7jrf. (See 

Ex. 3, page 45.) 

* I have been desiront of avoiding purely frivolous questions in this 
work ; bat questions such as this must not he considered as such. It is 
difficult to form an adequate conception of a very large number ; and we 
may be much assisted in doing so by estimating the time it would take to 
count it. A person will have a much better conception of a miilion, 
from considering, that if he were to count a million things as fast as 
}iotmble, — say 100 a minute, — ^it would occupy him day and night, with- 
out intermission, for a whole week, within an hour and 20 minutes. 
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3. How many days are there in 

419C1 minutes? (See Ex. 4, p. 45.) 6,0)4196J 
Dividing by 60, the number of _— 
minutes in an hour, we get 699 hours 3) 699 21 nL 

and 21 minutes. Dividing the hours 

by 24, that is, by 3 and 8, because 8) 233 

3x8 = 24, the number of hours in a 

day, we get 29 days, and 1 over; 29 d. 3h. 21m 

not 1 hour^ but once three hours^ be- 

cause 233, to which this 1 belongs, are not hours^ but units 
of 3 hours each ; since they arise from dividing hours by 3. 
And you must be careful to observe this, when in any ex- 
ample in reduction, you split your divisor into its component 
factors, and divide by them instead; the remainder arising 
from any one of these factors, must always be multiplied by 
the product of whatever other of those factors nmy have been 
previously used for divisors. 

4. How many pounds are 3)101157 

there in 101157 grains of gold ? 

(See Ex. 5, p. 46.) 2) 33719 

Here we have first to divide 

by 24, to bring the grains into 4) 16859 3gr. 

pennyweights; and the better 

to illustrate what has just been 2^0) 421^4 18gr. 

said, let us split 24 into its 

three factors, 2, 3, and 4, di- 12) 210 14dwt. 

viding, however, by 3 first, since _ 

it is probable, from the last 17 6oz. 

figure of the proposed number ^_ 

being 7, that 3 is contained in 171b. 6oz. 14dwt. 21 gr. 
it without remainder. The first 

remainder we get is the remainder 1, from the divisor 2 ; this 
remainder multiplied by 3, the only other of the three factors 
previously used, gives us 3 grains. The division by 4 leaves 
another remainder, namely 3 ; this multiplied by 6, the pro- 
duct of the 2 and 3, already used as divisors, gives us 18 
grains; so that the total number of grains over is 21. The 
final result is, therefore, 171b. 6 oz. 14dwt. 21 gr. 

You will observe that I have used the three factors of 24 
here only for the sake of showing you how to proceed when 
three factors are necessary in order to enable you to exchange 
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long division for short division, which joa should alwajs do 
whenever you can.* 

Reduce 3275 lb. avoirdupois to cwts. 2)3275 

By the table we see that 112 lb. make 

one cwt. ; it is also easy to see that 112 7)1637 lib. 

will divide by 2 ; the quotient is 56, which 

is 7 X 8 ; therefore, 112 = 2 x 7 X 8; so that 8) 233 12 lb. 

we may here use short division, employing 

these three factors for divisors, as in the 29 14 lb. 

margin. Instead of the divisors 2, 7, 8, 

we might have used 4, 4, 7, as is obvious.+ 29 cwt 27 lb. 
Note. You may sometimes have to divide by a number 
having a fraction joined to it, as, for instance, by 5^, in 
order to reduce yards to perches. In this case, the best way 
is to divide twice the dividend by ttoice the dirisor, that is, 
by 11. If the fraction in the divisor be a quarter or three 
tjuartersy instead of a half, then you should reduce both 
dividend and divisor to quarters before you begin, multiply- 
ing the divisor, without the fraction, by 4, and taking in the 
odd quarter or quarters. You must observe, however, that 
the remainder you get must be divided by 2, if you are 
dealing with halves, and by 4, if you are dealing with quar- 
ters, in order that you may obtain the proper remainder, in 
tJie saine denomination as the dividend. Thus, suppose it 
were required to divide 37810 by 5^, and by 30 J, respec- 
tively, you should work as follows : — 

37810 
2 



5ix2 = 11)75620 



Quotient 68 74 ... 3, half the remainder. 

* A table of factors, suitable for short division, of all numbers up to 
1 0000, is given at the end of the book ; the arithmetician will find it very 
useful on many occasions. 

t The learner will readily see that the above method of getting the 
final remainder corresponds with what has already been explained at 
page 35. The only difference is, that there the remainder is expressed in 
the final denomination, while in Reduction it is made to preserve the 
original denomination. If in the above example the final result were 
required in cwts. and fractional parts of a cwt. without lbs., the result 
of the first division would have been written 1637i, the rcMSult of the 
second division 233f|, and the result of the third 29^; that is, 
29W^cwt., which is 29 cwt. and the 112th part of 27 cwt. ; this 112th 
))art being, of course, 27 lb. 
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37810 

4 



30^X4 11)151240 

121 = 11X11 

11) 13749. ..1 



Quotient 1 24 9 . . . 2 7f > one-fourth of tks rem. 

In the first of these operations, 37810 yards are reduced 
to poles or perches; in the second, 37810 square yards are 
reduced to square poles or square perches. The first result is 
6874 per. 3 yds.; the second is 1249 sq. per. 27| sq. yds. 
You divide the remainder hy 2, in the first case, because that 
remainder is halves^ and by 4, in the second case, because it 
is qtiartere or fourths. 

Exercises. 

1.. Reduce 26493 &rthings to pounds. 

2. Reduce 897024 yards to miles, furlongs, perches, and 

yards. 

3. How many hours are there in 28635 seconds ? 

4. How many pounds of silver are there in 12875 grains ? 

5. Reduce 176432 lb. to tons. 

6. How many yards are there in 24631 nails ? 

7. Reduce 42657 square poles to acres. 

8. How many square yards are there in 27568 square inches? 

9. Reduce 1 00000 pints to gallons. 

10. How many degrees and minutes of a circular arc are 

there in 132530 seconds? 

11. How many cubic yards are there in 100000 cubic inches ? 

12. It is related by Josephus, that the battering-ram em- 

ployed by Titus against the walls of Jerusalem weighed 
100000 lb. : how many tons did it weigh ? 

13. If an omnibus carry, on the average, 1000 persons 

weekly at the rate of Qd. each, what are the gross 
receipts for a year ? 

14. If all the letters which passed through the Post Office 

during the week ending Feb. 21, 1851, had only penny 
stamps on them, what was the cost of the stamps? 
(See Ex. 16, p. 19.) 

15. If a Bteam- vessel sail across the Atlantic Ocean, a dis- 

tance of about 3000 miles, at the arerage rate of 9J 

d2 
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miles an hour, in how many dajs will she perform the 
voyage ? 

16. The distance of Plymouth from Adelaide in Australia is 

estimated at 9080 miles : in how many days would the 
voyage be performed in a steamer sailing at the average 
rate of 9^ miles an hour, if no land intervened ? 

17. The iron railing round St. Paul's Cathedral weighs 

448081 lb. : how many tons does it weigh? 

18. The duty paid on adv^ertisements in Euglish news- 

papers used to be Is. 6d. each : how much was paid for 
advertisement- duty on all the English newspapers in 
the year ending Jan. 5, 1851 ? (See Ex. 14, page 9.) 

19. In quick marching, soldiers take 108 steps a minute, 

each stop being about 2 feet 8 inches : at this rate, how 
long would a regiment be in marching from London to 
Richmond, a distance of 10 miles? 

20. An imperial gallon of distilled water weighs 10 lb. avoir- 

dupois : how many tons of water would the great vat 
mentioned in Ex. 18, p. 47, hold ? {See foot -noU^ p. 42.) 

21. A cubic foot of water weighs very nearly 1000 ounces 

avoirdupois: how many cubic yards are there in the 
vessel referred to in the last Exercise ? 

22. In how many days could the above-mentioned vessel be 

emptied by a tap which discharges half a gallon in a 
second ? 

23. What is called a ship-load of coals weighs 949760 lb. ; 

a sack weighs 2 cwi> : how many sacks are there in a 
ship-load ? 

24. The number of Electric Telegraph stations now open 

(Jan. 1, 1852) is 226; of these, constant attendance, 
day and night, is given at about 70 : all are in con- 
nection with the central station at Lothbury, in Lon- 
don. The length of lines of communication already 
completed is upwards of 2500 miles : you can send a 
short message, for any distance not above 100 miles, 
for 2«. 66?., which message will be forwarded by other 
means to the house of the person you send to: what 
would it cost, for the use of the telegraph, to send a 
message from one end of England to the other, a 
distance of about 642400 yards,* and to receive an 

* The railway distance would, of coarse, be more than this, as the 
lines do not run directly north and south. 
It may interest the ieamer to be here informed, that the electrie wire 
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answer back, which you might do in a few minntes: 
you will observe, that 2«. 6d. is to be paid for any 
distance not exceeding 100 miles?* 



(38.) Addition op Compound Quantities. 

Rule 1. Place the quantities to be added together under 
one another, so ajs that all in the same column may be of the 
same denomination. 

2. Add up the first column on the right, that is, the 
column in which the quantities of lowest denomination are 
placed; find how many quantities of the next denomination 
are contained in the sum : put what is over under the column, 
and carry the quotient to the next column. Proceed in this 
way, from column to column, till all have been added up. 

1. Suppose, for example, you had to find 
the total amount of the following bills: 
namely. Baker's bill, £31 17«. 4^. ; But- 
cher s bill, £27 IBs. 8d.; Grocers bill, 
£19 0*. 6f(i.; Tailor's bill, £21 Is,; Shoe- 
maker s bill, £11 2s. 9d,; Washerwoman's 
bill, £8 Us. Sid.; Booksellers bill, 
£7 ISs. Sd.; and Stationer's bill, 17*. 6^e/. 
Then, arranging these sums, as in the mar- 
gin, putting pounds under pounds, shillings 
under shillings, pence under pence, and 
farthings under farthings, you would begin 
with the column of farthings, and say, 2 and 

has been extended under the sea, from Dover to Calais ; it is embedded 
in a thick cable, and sunk across the Channel. Occurrences that take 
place at Paris, -160 miles from Calais, at 7 or 8 o'clock in the evening, 
are now fully described in print in the London newspapers by 7 o'clock 
the following morning. Electricity brings the news to London, delivers 
it in symbols, which require to be translated into common words ; the 
translation is carried in the ordinary way to the printing-office, the com- 
positors set up the type, the pressmen work off the printed sheets, and 
have thousands of them ready for the public by 7 o'clock in the morn- 
ing ! We owe this wonderful facility to the genius and industry of 
Professor Wheatstone, of London. The velocity of the electric current 
is calculated by this gentleman to be at the rate of at least 288000 miles 
a second ; so that it would travel completely round the world in about 
the twelfth of a second ! 

* ** The most wonderful application of electridty to the purposes of 
life, is the fodlity it affords to persons separated by hundreds of miles to 
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2 are 4, and 8 are 7, and 2 are 9 ; 9 farthings contain 2 
pence, and 1 farthing over; therefore, you put down the I 
farthing, and carry the 2 pence to the column of pence. 2 and 
6 are 8, and 8 are 16, and 3 are 19, and 9 are 28, and 6 are 
84, and 8 are 42, and 4 are 46 ; and since 40 pence make 
8s. and 4d., 46 pence are 3s. and lOd.: 10 and carry 3. 
8 and 7 are 10, and 8 are 18, and 6 are 19, and 2 are 21, 
and 7 are 28, and 3 are 31, and 7 are 38; then, proceeding 
downtoardsy you point to the several ones in the shillings 
column, on the left, each 1 standing for teUy and say, 48, 58, 
68, 78, 88 ; so that this column amounts to 88 shillings ; and 
since 80 shillings make £4, you put down the 8 shillings, 
and carry 4 to the column of pounds, the sum of which is 
128 ; so that the total amount of all the bills is £128 8s, lO^d. 
The work of examples in compound addition is all so 
similar to this, that you cannot require any further explana- 
tion to prepare you for the following Exercises, which are 
chiefly intended to give you practice in the tables. 





Exercises. 






Money. 




£. s. d. 


£. s. d. 


£, s. d. 


1. 13 11 2| 


2. 142 18 


3. 873 10 4; 


17 4i 


26 9 7i 


327 13 9t 


16 8 


14 17 3!^ 


46 17 2 


2 5 8i 


273 8: 


92 8 10| 


1 17 5l 


97 4 Ov 


174 16 7i 


8 


12 19 llf 


37 9 


7| 


1 6 5| 
Time. 


18 15 8f 






d, h. M. 


d, h, m. 


d. h, m. t. 


4. 16 13 17 


5. 23 19 11 


6. 121 14 3 16 


9 2 13 


18 6 7 


12 9 14 27 


12 17 3 


15 17 24 


93 21 36 41 


41 9 7 


38 11 11 


18 19 17 16 


16 21 42 


24 23 55 


237 12 10 


3 15 57 


19 13 46 


23 2 39 









hold instant comnmnicatioD, by night or by day, giving them the power, 
as it were, to annihiUte space, enabling them to consalt, admonish, in- 
form, condole with each other, as if they were in the same room ; and, 
having ended their conversation, to tarn aside, and one to find himself in 
lAndon and the other in Edinburgh."— (Sir W. Snow Hanis's ♦'Ru- 
dimentary Electricity," page 191.) 
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Avoirdupois. 

lb. M. dr» ewt. fr. lb. etat. qr. lb. ox. 

7. 10 14 11 8. 5 3 17 9. 23 13 14 

17 11 9 17 1 19 14 2 16 13 

21 13 14 32 2 27 45 1 23 11 

6L8 111 93 27 8 

12 9 15 14 14 19 1 15 









Troy. 






oz. dwt, gr. 




oz. dwt. gr. 


lb. oz. dwt^gr. 


10. 


7 13 18 


11 


. 9 12 19 


12. 13 4 14 20 




5 16 12 




10 17 17 


6 17 2 




11 19 4 




21 3 


9 20 1 




8 10 23 




8 13 21 


25 11 3 23 




10 20 




7 12 


16 1 12 18 






Apothecaries. 






dr. Mcr. gr. 




oz. dr. scr. 


lb. OS, dr. scr. gr. 


13. 


2 15 


14. 


10 6 1 


15. 9 11 2 1 14 




7 1 19 




5 7 2 


7 9 7 2 5 




3 17 




11 


10 3 18 




6 2 1 




7 1 1 


1 7 7 1 19 




4 1 16 




3 10 


13 8 6 1 


t 




Length. 






ydt. ft. m. 




fitr. po. yds. ft. 


m. fur. po. yds. 


16. 


126 1 9 


n 


. 7 14 3 2 


18. 124 3 17 2 




37 11 




6 25 5 1 


47 6 20 4 




103 2 8 




31 4 


16 1 1 




46 1 




3 19 1 1 


230 7 33 5 




234 10 




5 13 2 2 


6 12 3 



Sgitare Measure. 

ae. roo.per.yds. ae. roo.per.yds. 

19. 127 3 21 13 20. 243 1 18 25 

35 1 17 22 465 2 11 29 

216 2 23 29 43 22 17 

13 12 17 138 1 15 8 

1 8 30 27 2 3 15 
10 3 15 4 28 6 

1 1 20 18 36 
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(39.) Subtraction of Compound Quantities. 

Rule 1. Place the smaller of the two quantities under 
the greater, so as that the several parts may be under those 
of the same denomination. 

2. Begin with the lowest denomination, and subtract, if 
the upper number be large enough ; if not, increase it by as 
many as will make one of the next higher denomination, 
taking care, in this case, to carry 1, after the subtraction, to 
the next number you subtract : and proceed in this way till 
^e subtraction is finished. 

For example, let it be required to subtract £173 17'. 9id. 
from £241 13*. 7\d. 

Placing the quantities, as in the margin, £. s. d. 

and beginning with the lowest denomination, 241 13 71 
you see that you cannot subtract 2 farthings 173 17 9 J 

from 1 '; you therefore increase the 1 farthing 

by 4, because 4 farthings make a penny:' £67 15 9f 

you then say, 2 from 5, and 3 remain ; |, 

and carry 1. 1 and 9 are 10, and, increasing the Id.^ which 
is too small, by 12 J., because 12d. make a shilling, you say, 
10 from 19, and 9 remain; or, it is a trifle easier to say, 10 
from 12, and 2 remain, and 7 are 9 : carry 1. 1 and 17 are 
18; 18 from 20, and 2 remain, and 13 are 15: carry 1. 
1 and 3 are 4; 4 from 11, and 7 remain: carry 1. 8 from 
14, and 6 remain: carry 1. 2 from 2, and nothing re- 
mains: therefore, the diflerence between the two sums is 
£67 15«. ^d. 

JE/xercises. 

£,, 8, d. £f 8* d, £. 8, d, 

1. 29 11 4i 2. 465 7 3 3. 2852 7| 

13 16 8| 258 14 6| 568 9 ll| 

d, h, tn, d, h, in. d, h, fit. 9, 

4. 26 15 17 5. 117 21 43 6. 14 13 5 18 

19 19 19 49 23 57 13 20 32 46 



5. 


• 

d, h, m. 

117 21 43 

49 23 57 


8. 


yds, ft, in. 
346 1 7 
157 2 10 



yds, ft, in. yds, ft, in. per, Sfds, ft, tn. 

7. 125 2 11 8. 346 1 7 9. 18 5 2 1 

51 1 6 157 2 10 6 1 11 
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10. Lat:» 42<> 23^ 19 N. 11. Lat. 37® 15' 7" S. 

Lat 36 49 25 N. Lat. 28 38 18 S. 



d, h* in. Me. 

12. Long. 125«* 52' 43" E. 13. 16 21 42 13 

Long. 101 57 56 E. 12 22 58 39 

f. cwt gr. lb. U ewi. qr. lb. t, ewt, qr, lb. 

14. 7 14 3 19 15. 15 3 1 2 16. 2 3 1 

3 18 1 27 9 1 3 17 17 26 



m. fur. per, yd. f» fiar.per.yd-. m. fur. per. yd. 

17.128 7 13 2 18.17 2 18 1 19. 240 4 

53 6 37 5 1 7 23 4 138 6 12 5 



ae. roo.per.yd, ae. roo. per. yd, ae.roo.per.yd. 

20. 73 1 20 6 21. 24 14 22. 1 2 3 13 

19 2 37 11 17 3 23 31 3 9 28 



oz. diet, gr, lb, oz. dwt. gr. lb. oz. dwt. gr. 

23. 13 18 5 24. 9 5 12 12 25. 14 1 3 18 

2 19 23 7 11 17 20 9 16 5 



e.yds. ft. in. e.yde. ft. t». e.yde. ft. in. 

26. 146 26 271 27. 117 18 110 28. 700 

107 26 302 53 24 247 384 22 181 



eq, yd», ft. in, eg. yde. ft. in. eq. ydt, ft. in. 

29. 273 3 17 30. 561 7 110 31. 382 4 46 

187 8 129 359 7 132 75 8 107 



gal. qt. pt. gal. qt. pt. gal. qt,pt. 

32. 164 3 33. 3492 1 34. 4306 1 

156 1 1 1783 3 1 3621 2 1 



* Ex. 10, 18 to find the difference <f latitude of two places on the 
earth, north of the equator; Ex. 11, is to find the difference of latitude 
of two places eouth of the equator ; Ex. 12, is to find the difference of 
longitude of two places east of the meridian of Greenwich. The dif- 
ference of latitude of two places, one north and the other «o«M, is found 
by adding the two latitudes together; and the difference of longitude of 
two places, one east and the o&er weett is also found by adding the two 
together ; what is called the difference being, in each case, the interval, 
in degrees, minutes^ and seconds, between the two places. 

d3 
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bu. pk. gml. qt, bu. ph, gdL qt, bu* pk. gal, qi. 

85. 18 2 3 36. 23 1 37. 110 1 2 

17 113 17 313 94 313 



(40.) Multiplication op Compound Quantities. 

To maltiply a compound quantity by any number, the rule 
is as follows : — 

Rule. Place the multiplier under the quantity of lowest 
denomination. Multiply this quantity by it, divide the pro- 
duct by the number of such quantities contained in the nea^t 
denomination, put down the remainder^ and carry the quo- 
tient to the product arising from the next term : and so on to 
the end. 

Note. "When the multiplier is greater than 12, and can 
be decomposed into factors, each not greater than 12, use 
these factors instead of the composite multiplier, and proceed 
by short multiplication. The table of factors, at the end of 
the book, will be of great assistance in supplying the proper 
factors of all composite numbers up to 10000. 

Ex. 1. Multiply £17 IBs. ^d. by 7. £. s. d 

Putting the 7 under the lowest denomina- 17 13 4^ 

tion, farthings^ we multiply the 2 farthings 7 

by the 7, the product is 14 farthings; this ■ 
divided by 4, the number of farthings in a £123 13 7^ 
penny, the next denommation, the quotient ■ 

is 3 pence^ and 2 farthings over ; we therefore put down the 
2 farthings, namely, ^c?., and carry 3 : we then multiply the 
4 pence by the 7 ; the product is 28, which, with the 3 car- 
ried, make 31 pence; dividing these pence by 12, the num- 
ber of pence in a shilling, the quotient is 2, with 7 pence for 
remainder; so we put down the 7 pence, and carry the 2 
shillings. Multiplying now the 13*. by the 7, the product is 
91, which, with the 2 carried, make 93 shillings; that is, 
4 pounds 13*.: 13, and carry 4. And, lastly, multiplying 
the £17 by 7, and taking in the £4 carried, we have the 
whole product^ £123 13*. 7^ 



13 


8. 

9 


d. 
11 


148 


7 


9 


1335 


3 


2i 

7 


£9346 


2 


^f 
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2. Multiply £13 9*. 8id. by 693. 

By looking at the table at the end of 
the book, we find the multiplier 693 to be 
a composite number, of which the factors 
are 11, 9, and 7, we may therefore use 
these factors as multipliers, and proceed by 
short multiplication, as in the margin. 
You cannot require any explanation of the 
work after attending to the operations in 
the example just given, so I leave it for 
you to carefully look over, and thence to 
form your own opinion of the usefulness of 
the table of £Eu;tors in calculations of this kind. 

"When, however, you have to multiply a compound quan- 
tity by a large number, which cannot be decomposed into 
factors suitable for short multiplication, you may seek in the 
table for the number nearest to it that can be so decomposed ; 
employ the factors of this number, and note the result : then, 
multiply the compound quantity by the difference between 
the given multiplier and that actually used, add the result to 
the former result if the multiplier used be less than the given 
one, and subtract if it be greater. 

There is another way of proceeding, thus : count the num- 
ber of figures in the multiplier, disregarding the units- figure. 
Multiply the compound quantity by 10, then the product by 
10, and so on, till the number of lO's amount to the same as 
the number of figures counted : this done, multiply the com- 
pound quantity by the units-figure of the given multiplier, 
the first of the above products by the tens- figure, the next 
product by the hundreds-figure, and so on, till all the figures 
of the multiplier have been used : add up all these latter 
products, and the required product will be obtained. The 
work of the following example shows both methods. 

NoTB.— Yon must always bear in mindy that a compound quantity can 
never be muUiplied by another compound quantity ; nor by anything but 
a mere numbert since multiplication means the taking a proposed quantity 
a certain number of timet. You must at once see the absurdity of the 
following questions, taken from a recent work on what the author calls 
•* Arithmetic ;" namely, ** Multiply 7 tons by 9 cwt. ;" " Multiply f of 
a j^ by ^ of a guinea ; ** Multiply ^ of an acre by § of a rood ;'' and so 
on. As Mr. Walker justly observes {Philosophy qf ArithmsHc, p. 58), 
" Yon might as well be told to multiply 5 lbs. of beef by 3 bars of mu- 
ric." 1 shall have occasion to direct your attention more folly to matters 
of this kiad hereafter. 



60 ARITHMETIC. 

Ex. Multiply 7*. lO^d. by 7985. 

By the table, 7986 = 11x11x11x0. 

£, 8, d. £, 8, d. £. 8, 

7 lOfxl 7 10fx5 = 1 19 



11 



4 6 10^ 
11 

47 15 4f 
11 

525 9 4^ 
9 



10* 



d. 
5| 



3 18 11^x8= 81 11 8 
10 



39 9 7 X 9 = 355 6 3 
10 



394 15 10 x7 = 2763 10 10 



3152 16 li 
Sub. 7 lOf arising from the multiplier 1, above. 

£3152 8 2| 



£3152 8 2f 



I need scarcely tell you, that examples of this kind may 
always be worked by common reduction; that is, you may 
reduce the compound quantity to the lowest denomination 
before multiplying, and then convert the product into the 
higher denomination. 







Exerdsei, 




£. 8. 


d. 




£. s. 


d. 


1. 32 8 


eix 5 




6. 19 13 


5ix 28 


2. 43 11 


4|X 8 




7. 21 9 


10^ X 343 


3. 125 13 


0ixl2 




8. 32 17 


IJx 504 


4. 217 18 


9ixll 




9. 103 11 


8ix 891 


5. 734 19 


7|X 9 




10. 379 18 


71x1617 


miles, fur. 


per. ydt. 




miks.fltr. 


per. ydt. 


11. 15 3 


2 4X 


75 


14. 6 


27 3x594 


12. 17 7 


5X 


98^ 


15. 1 5 


19 1X605 


13. 23 1 


31 2x256 


16. 27 3 


22 4 X 972 



* In mnltiplyiiig by 10, you merely annex to the number multiplied ; 
80 tbat when anything below 10 is carried, yon have only to annex it to 
the next quantity in the multiplicand. 
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17. 19 13 27 x441i 

18. 16* 51' 43^x231} 
tom. ewt. gr, tt. 

19. 14 13 2 11 X24d 



«c. ro. po. 

20. 13 3 17x511* 
iq.ydt. Ji. Ir. 

21. 2 8 123X563* 
Off. iii9/. ^. 

22. 9 17 20x616^ 



(41.) DlYIBION OF COMPOTTKD QUANTITIES. 

Bulb. Diyide the greatest denomination first, put down 
the quotient; reduce the remainder to the next lower de- 
nomination; carry it, thus reduced, to the term of that 
denomination, in the dividend, and divide as before. 

Note 1. When the divisor is a composite number, pro- 
duced by fEMStors, none of which are greater than 12, use 
those Beustors, instead of the number itsd[^ and work by short 
division. 

2. When the divisor is a large number which cannot be 
decomposed into suitable factors, you may regard the ques- 
tion as one of simple reduction : roduce the compound quan- 
tity to the lowest denomination in it, and then divide; the 
quotient will be a quantity in that lowest denomination, 
which, by reduction, may then be brought into the higher 
denomination. 

Ex. 1. Divide £34 ISs. 8d. by 24. £. 8. d. 

Here the divisor is a composite number, 8)34 16 8 

formed by the factors 8 and 3. Dividing 

first by the 8, we say, 8 in 34, 4 times and 3) 4 7 1 

2 over : this 2 being pounds^ we reduce it 

to shillings J carrying the result, 40^., to the £l 9 0^ 

16, and say, 8 in 5^,^ 7 times; then 8 in 8, 

once. Dividing now by the 3, we say, 3 in 4, once, and 1 
over ; so that 20«. is carried to the 7, and we say, 3 in 27, 
9 times; 3 in 1, no times, and 1 over: this Id. being 4 
farthings, we say, 3 in 4, once; so that the quotient is 
£l 9«. 0^., the remainder being neglected, as we have no 
coin below the fsirthing. 

(42.) Now I have a remark to make upon this operation, 
to which yon must attend. I have supposed that we have 

* See page 59. 
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been working the above example together, and have imagined 
ourselves as saying, " 8 in 34, 4 times;" " 8 in 56, 7 times;** 
and 60 on, as arithmeticians tcotUd say : but I must tell you, 
that we have been using incorrect language; and I am the 
more anxious to draw your attention to this, in order to show 
you how necessary it is in reading books of this kind,«and, 
indeed, in reading any book at all, that you should think for 
yourself, and not receive, without thinking, everything that 
you may find in a printed book. When you had said, as 
above, '^ 8 in 34, 4 times," and had put down the 4 ; suppose 
somebody had asked you what that 4 stood for, you would 
have answered, 4 pounds; and you would' have been right: 
but how can 8 be contained in Xd4, £4 times ? 4 pounds 
times is an expression which has no meaning. You see, there- 
fore, that the form of language employed above is faulty : 
we ought to have said, '^ the eighth part of £34 is £4, and £2 
over ;" " the eighth part of 56s, is 7s." and so on ; or, which 
is the same thing, " £34 divided by 8 gives £4 for quotient, 
and £2, or 40*., for remainder ;" " 5Gs,, divided by 8, gives 
7s. for quotient, and no remainder ;" and so on. You thus 
see that the only thing that requires correction, in what is 
done above, is the form of words used in describing the 
work ; but, as the result obtained is always correct, as to the 
figures, the faulty language, if thought the more convenient, 
may be allowed to pass ; though it is right that you should 
know what the objection to it is, and how it may be cor- 
rected. There is another thing too, to which your notice has 
been abeady called. You have seen that multiplication is 
a short way of finding the result of addition ; and that it is 
nothing more than this: the multiplier always denotes the 
number of things, each equal to the multiplicand, that are to 
be added together, and the product gives their sum: the 
multiplier, therefore, can never be a commodity^ as a sum of 
money, or a weight of goods ; nor yet any measure of length 
or space; it is simply what is called an abstract number^ 
denoting how many repetitions or times some other abstract 
number, or concrete quantity, is to be taken.* 

* Among those who have advanced farther into the practical applica- 
tion of ari&metic, there may be some who may think that this view of 
multiplication is in opposition to what ^oes by that name in books on 
mensuration, surveying, &c., where feet are apparently multiplied by 
feet, yards by yards, &c. The fact is, however, that although concrete 
quantities are in such subjects said to be multiplied together, the phrase- 
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Now, just as multiplication is an abridgment of addition, 
80 it has been said that division is an abridgment of repeated 
subtraction ; so it is : but it is also more than this : we could 
not have any operation in multiplication which could not be 
performed by addition, though there are plenty of operations 
in division which could not be performed by subtraction : 
bow, for instance, could the example worked above be done 
by subtraction ? A sum of money, which is a concrete quan- 
tity, a real commodity, is to be divided by 24, an abstract 
number^ not 24 things ; it would be nonsense to speak of 
taking an abstract number from a concrete quantity, — from 
real substantial things : when we divide a concrete quantity 
by 24, we merely seek that smaller concrete quantity which 
is the 24th part of the greater; or that smaller quantity, 
which repeated 24 times, makes up the greater. Division of 
a concrete quantity replaces subtraction, only when the 
divisor is a concrete quantity of the same kind also, A sum 
of money may, for instance, be divided by a smaller sum of 

ology is adopted solely for brevity, and to enable writers on those topics 
to express the rules of operation in a form easy of recollection, and free 
from that prolixity of language which the strictly correct form of ex. 
pression would seem to require. All that is meant is, that we are to 
proceed in applying the rules of mensuration, &c., as if feet could be 
multiplied by feet, yards by yards, &c., or as if y instead of these concrete 
quantities, they were merely abstract numbers. The direction for finding 
the surfiace of a rectangle is briefly expressed by saying, " multiply the 
length by the breadth, the product will be the area in square feet, &c." 
The meaning is, that we are to multiply these measures together as if 
they were not measures, but abstract numbers ; and then to consider the 
product as if \\. were not an abstract number, but so many square feet, 
&c. ; tiiis is all that is to be understood by the expression *' feet multi- 
plied by feet produces square feet ;'' and the same of all expressions of a 
like kind. Strange to say, however, there are books on arithmetic, — and 
books, too, of very recent date, — ^the authors of which, teaching the 
subject as they themselves have learnt it, that is, merely as a sort of 
mechanii'al jugglery with the nine digits — I say, there are modern books 
on arithmetic, the authors of which, finding the expression '* feet multi- 
plied by feet/' tolerated, proceed to induct their deluded pupils into the 
mystery of multiplying cwts. by tons, money by money, and so on ! 
"^^at meaning they attach to their results no one knows; indeed, 
meaninfff or any accounting for their processes by an appeal to reason or 
common sense, is what never enters the heads of these writers ; they 
would, no doubt, just as readily multiply a house by a house, or one 
man's name by another's. There is perhaps no class of educational 
books which has done so much injury to the youthful mind as books on 
arithmetic. What a benefit would it be to the young if about five- 
sixths of existing works on arithmetic were collected in one yast pile, 
and burnt in Smithfield for scientific heterodoxy ! 
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money : in this Und of diviaioD, we merely seek Aow many 
tinut the smaller sum is contaioed in the greater ; the qno- 
tieat most evidently, therefore, be an abstiaot number. It is 
only when dividend and diriaor ore of the same kind, both 
concrete qoantitiw of one sort, or both abatmct QDrobera, that 
the operation of division can replace that of encceaaive sub- 
traction. 

(43.) I have directed jonr attention to these partionlars^ 
in order that yon may clearly see the tme character of yonr 
opeiations in the mnltiplicatiun and diriaion of compound 
quantitiee^ and to impress npon yon, that a multiplier is 
always an abatraet number, while a divisor may be either an 
abstract number, or a concrete quantity of the lame kind a* 
the dividend; and, moreover, to prepare yon for the mle for 
division in this latter c»se : this mle is as follows : — 

(44.) To divide a Compound Quantit]/ by Another of tk« 
Same Kind. 
RiTLE. Rednoe the two quantities to the Imeat denomina. 
tion to be found in either, and then perform the divinon : ttto 
quotient will express the number of tjmes the smaller qoan- 
tity is eontajned in the greater. 
Ex. Divide £18 5$. by £2 1$. 8d. 
Hen the lowest denomination £. e. d. £. t. 
ispenee; we have, therefore, to 2 7 8 18 5 
reduce both dividend and divisor 20 20 

to this denomination, and then ■ 

to divide the pence contained in 47 ^^^ 

the dividend by the pence con- 12 12 

tained in the divisor, as in the ' 

margin. We thus find that the S72 ) 4380C7|H 

smaller sum is contained in the 4004 

greater 7 times and a part of a • 

time, expressed by the fmotion 376 rem. 

4ff, which part is the 572nd -■ — 

part of tlie number 376. If the snm to be divided were 
dimiiiiabed by 376 pence, then the other sum would be con- 
tuined in it exactly 7 times. 

Exercitee in both B»le$. 
1. £148 IBs. 4d.-i- 8 I 4. £106 19». 3W.-^ 72 
2^ g ar 13 5 -i- 14 5. 780 12 9} .^168 

'"^™™" "I 6^4-35 1 6. 837 18 SJ -r273 
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9. 128« 45' 52^^+125 
10. 815 d. 17 h. SSfSL-i-Ui 



7- 14cwt. Iqr. 9lb.-M8 
8. 823 m. 7 fur. 21 po. -5-11 

11. 1784 aa 3 roc. 32 per. -»- 105. 

12. £15 16«. 9d. -S- £2 ISs. 5d. 

13. £89 lU. 7 id. -S- £7 3#. 4^ 

14. £126 Is. -^ £34 18«. If^;. 

15. £321 179. Sid. -^£^7 6«. 9fi. 

16. 73owt. 3qr. 131b. -h 5cwt. Iqr. 141b. 

17. 78d. 18h. 49in. -T-5d. lb. 2iii. 

18. 79° 13^ 46" -f- 13*» 5' 18" 

19. 2 tons 13cwt. 5lb. -^3qr. 17 lb. 

20. Tbe mint price of standard gold is £3 179. 10^. an 

ounce : what is tbe value of 1 lb. ? 
21.* The amount of money expended for tbe maintenance 
of tbe poor among Uie 607 Unions of England and 
Wales for tbe year ending at Micbaelmas, 1851, was 
£3288192: bow mucb, on tbe ayerage, was expended 
by eacb Union ? 

22. A fruiterer offers a market-woman 120 oranges at 3 a 

penny, and 120 of a better sort at 2 a penny, and 
refuses to take any less ; tbe woman offers to purchase 
tbe wbole at 5 for 2d.; and tbe man, thinking that 
this is tbe same thing, lets her have them : bow much 
did tbe woman save by this arrangement ? 

23. The building of tbe new Royal Exchange in London cost 

£400000; and after it was opened by tbe Queen on 
Monday, tbe 28th of October, 1844, the public were 
admitted to it for three days, when a subscription 
was made for tbe widows of four men killed during 
the progress of the works : the money receiyed was as 
follows : 4 sovereigns, 1 half-sovereign, 1 crown piece, 
88 half-crowns, 992 shillings, 842 sixpences, 142 four- 
penny pieces, 5 threepenny pieces, 665 pence, 667 half- 
pence, and 25 farthings: what was the total amount, 
and what was each widow's share ? 

24. If a dozen teaspoons weigh 9oz. ISdwt. 20 gr., what is 

the weight of eacb spoon ? 

25. Although a sovereign, when quite new, weighs very 

* These questions are of a misoeDaneons kind ; some of them require 
only the rules for reduction. This mixed character is intentionally given 
to them, that the learner may be accustomed to woric examples witiiout 
requiring to know what rule thej come under. 
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nearly 123f grains, yet there are only 113 grains of 
pure gold in it, the rest is called alhy^ and is either of 
pnre copper, or a compound of silver and copper : * for 
how many sovereigns was there gold sufficient in the 
312500 ounces supposed to have been collected in 
California during the year 1 850 ? 

26. Find the value of the mass of gold in last Example, at 

the rate of only £3 17«. 10^(2?. an ounce. Note. 
312500 =5 10 X 10x5x5x5x5x5: see table of 
factors at the end. 

27. If 64 lb. of tea, at 4«. %d. a pound, be mixed with 42 lb. 

at 4«. ^d, a pound, what per lb. will be the price of the 
mixture ? 

28. How much would the money which the Royal Exchange 

cost weigh in sovereigns^ at 123 grains each;t and 
how many times as high as the Monument (202 feet) 
would they reach, if piled one on another, allowing a 
pile of 1 6 to reach an inch, which is about the case ? % 

29. A bankrupt owes his creditors £2831, and proposes to 

pay them 13«. 2\d, in the pound: how much money 
must he have to do this? 

30. What is the difference in the weight of 100000 sove- 

reigns and 100000 guineas; the weight of a sovereign 
being 123^ grains, and the weight of a guinea 129^ 
grains? 

31. From the 31st of December, 1829, to the 15th of Fe- 

bruary, 1831, there were coined at the Mint 2387881 
sovereigns : what was the weight of these, and what 
weight of pure gold was used in the coinage ? § (See 
Ex. 25.) 

* The pound troy» of sterling gold, contains 11 02. of pure gold, and 
1 oz. of alloy ; it is coined into 46|g- sovereigns. 

t That is, supposing each sovereign had lost, on the average, a quarter 
of a grain by use. It may be here mentioned, that gold coins are allowed 
to pass under the mint weight, in consideration of the effects of wear. A 
sovereign weighing 122f grains, is considered a legal tender ; but not if 
it be bdow tlus weight. 

X Of sovereigns much worn by use, about 17 would be required to 
make an inch : of new sovereigns, 16 would do. 

§ In expressing the weight of gold, it is not usual to employ higher 
denominations than pounds: when cwts. and qrs. are mentioned in troy 
weight, cwt. means 100 lb., and qr. means 25 lb. 
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FEACTIONa 

(45.) I AM now abont to explain to yon one of the most 
important parts of arithmetic, — the arithmetic of frtMetiont. 
L^mers generally consider it to be the most difficult part ; 
bnt I am sure that if you carefully attend to the explana- 
tions to be gi^en, yon will find the arithmetic of fractionM to 
be quite as easy as the arithmetic of integers. I have been 
obliged to mention the term fraetion» already, and to say a 
little about them; for you see they will force themselves 
upon our notice at a yery early stage of arithmetic. I am 
now to speak of them more at length, and must begin by 
defining a fraction ; that is, by telling yon what a fraction 
r^lly is. 

A fraction, strictiy speaking, means a part of unit^ or 1 ; 
thus, on^haif^ two-thirds^ three-faurthsy &c., sre /radians j 
they are represented by the figures of arithmetic, in the fol- 
lowiug way, namely, ^, |, f, &c. These are so many 
examples of the notation of fractions ; the number below the 
short line is always called the denominator, and the number 
above it the numerator ; because the lower number always 
makes known to us the denomxMUion of the parts, as to 
whether they are halves, or thirds, or fourths, ice, and the 
upper number tells us how many of those parts are meant ; 
that is, it enumerates them. If therefore a fraction such as 
•f were presented to you, you would at once know what was 
meant by it. Looking at the numerator, you would see that 
5 parts were represented, and looking at the denominator to 
learn what those parts were, you would see that they were 
sevenths ; you would thus know that the fraction, translated 
into words, \b five- sevenths ; that is, if unit, or 1, were cut 
up into seven equal parts, five of those parts are represented 

Yon must see that it is very convenient to have a notation 
for parts of a unit as well as for whole units or integers ; 
and from what has already been said, you also see that, in 
strictness, a fraction is always something less than 1. But 
this strictness is departed from ; the term fraction is extended 
to quantities greater than 1 : thus, f^, f, V, &c., are all called 
f reactions, though each is greater than 1. The first stands for 
seven-fifths, the second for eight-thirds, the third for eleven- 
fourths, and so on. The meaning of the first is, that if 1 be 
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cut up into^f>« equal parts, seven of Bitch parts, that is seven 
times one of those parts, are to be taken ; the meaning of the 
second is, that if 1 be divided into three equal parts, eight 
times one of those parts is to be taken ; and the third fraction 
means, that if 1 be divided into four equal parts, eleven times 
one of them is to be taken. Fractions such as these, where 
each denotes a quantity greater than unity, are called im- 
proper fractione^ — ^the prefix improper reminding us that the 
strict meaning of the word fraction is departed from, a 
proper fraction always having the numerator lese than the 
denominator. Even when the numerator is eqiud to the de- 
nominator, the thing is still called a fraction, — ^an improper 
fraction, of course ; thus, -|, |-, •^, &c., are all called fractions, 
though in fact each is only a peculiar manner of writing down 
unit, or 1, since three-thirds, four-fourths, &c., each make one 
whole. There is thus no restriction upon fractional notation ; 
you may write any number yon please for numerator, and 
any number you please for denominator, and what you put 
down will be entitled to be called ?i, fraction. 

(46.) I think from what has now been said, you will see 
that fractions are a good deal like those quantities with which 
you have been oceupied in the preceding articles, where both 
the number and the denomination of the things dealt with 
are to be considered, the chief difference being merely in the 
notation. When the things dealt with were pounds, in 
money, the denomination was expressed by the mark, or 
symbol, £, written against the number of pounds ; when the 
denomination was ounces, the sjnnbol oz. was employed in 
the same way ; and so on. In like manner in fractions, both 
number and denomination have to be expressed ; but here a 
different notation is -used, — ^the number of the things being 
written dbove^ and their denomination below a short line of 
separation ; so that when you are £a.miliar with the notation, 
you ought to find no more difficulty in the arithmetic oi frac- 
tions than in the arithmetic of whoU quantities of different 
denominations. 

(47.) You have already been told (p. 28), that this notation 
for fractions is also the notation for division ; so that | ought 
to mean not only two-thirds of unit, or 1, but also 2 divided 
by 3; and that f should express, indifferently, either three- 
fourths^ or 8 divided by 4; and so on. And it is pretty 
plain that such is really the case ; for two^thirds^ or the third 
part of 1 taken twicSj is obviously the same as the third part 
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of 2 taken oneej that is, 2 divided by 3 : also, that three^ 
fottrths^ or the fourth part of 1 taken 3 iimeiy is the same aa 
the fourth part of 3 taken anee; that is, 3 divided by 4, and 
80 on. Consequently, whenever you see a fraction, as -f , |^ 
&c., you may read it either Jive'Seventhg^ nine-fourths^ &c., 
or 5 divided hy 7, 9 divided by 4, &c Suppose, for instance, 
you had f (that is, three-fourths) of 1 shilling^ or 12 pence; 
then, since one fourth is 3(]?., three fourths would be 9</., 
which you see is one fourth of 3»., or of 36 pence ; that is, 
36 pence divided by 4 gives 9d, Again, \ (that is, nine^ 
fourths) of a shilling is 9 times one-fourth, or 9 times 3^., 
which is 27^., and 9«., or 108 pence, divided by 4, is also 
21 d* ; and similarly in all cases : and it is of importance that 
you keep this fstct always in remembrance. 

(48.) Before proceeding to the arithmetic of fractions, I 
have only further to add, that 

1. A whole number, that is an integer^ may be written in 
the form of a fraction, by merely putting under it 1 for 
denominator ; thus, 3 may be written \; 7 may be written •{> 
and so on. And that any number may be written for deno- 
minator, provided only the product of that number and the 
proposed one be written for numerator ; thus, if we wish to 
write 3 in a fractional form, with 5 for denominator, we must 
write 3x5, or 15, for numerator, the fraction being y, 
which is, of course, the same as 3. In like manner, 7=V'9 
or = y, or = y, &c The numerator and denominator of 
any fraction are called the terms of the fraction. 

2. A number consisting of two parts, one iohole and the 
other fractional^ is called a mixed number : thus, 2^, 3f^ 
22-3SJ., &c are all mixed numbers. Such mixed numbers may 
always be reduced to improper fractions; and, on the other 
hand, an improper fraction may alwajrs be reduced to a 
mixed number. It will be as well to commence the subject 
by showing how these reductions are to be made. 

(49.) To reduce a Mixed Number to an Improper Fraction. 

Rule. Multiply the whole number by the denominator of 
the fraction connected with it. Add the product to the nu- 
merator, and write the denominator of the fraction underneath, 
with the short line of separation between, and you will have 
the improper fraction required. 

Thus, if 3f be the mixed number, consisting of the integer 
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3 and the fraction -f, we should say, 3 times 7 are 21, which 
added to the numerator 5 make 26, which is therefore the 
numerator of the equivalent improper fraction, the deno- 
minator being the same as that in the given fraction : there- 
fore 3-f=V. In like manner, 4g=V; 16f=VJ 53V = 
^-|^ ; and so on. And this merely amounts to writing the 
given whole number in a fractional form with the given 
denominator for its denominator; thus, taking the last in- 
stance above, namely 13y, the 13 is the same as 9 times 13 
divided by 9 ; that is, 13=^-^' ; therefore 13 and y, or, as 
it is written, 13y = ^{-*. The reason of the rule is thus 
evident. 

(50.) To reduce an Improper Fraction to a Mixed Number. 

Rule. Actually perform the division denoted by the 
fraction, and to the quotient annex the remainder with 
the divisor underneath; that is, complete the quotient by 
adding the fractional correction. Thus, performing the di- 
vision implied in y, the integral part of the quotient is 3, 
with 5 for remainder; so that the fractional part of the 
quotient is \ : therefore the complete quotient is the mixed 
number 3-f. 

These two rules are so easy and obvious, that but a very 
few exercises in them need be given. 

Exercises. 

1. Reduce 7f to an improper fraction. 

2. Reduce 17-J- to an improper fraxstion. 

3. Reduce ^ to a mixed number. 

4. Reduce *^^ to a mixed number. 

5. Reduce 238^ to an improper fraction. 

6. Reduce *-Hi* to a mixed number. 

7. Reduce 201 6f{^ to an improper fraction. 

8. Reduce ^-H-f-^ to a mixed number. 



(51.) To reduce Fractions toith Different Defiominators $o 
others tcith Equal Denominators. 

This reduction is called the reduction of fractions to a 
com.mon denominator: it is a change necessary to be made 
in fractions of different denominators, before they can be 



FRACTIONS. 71 

either added together, or subtracted one from another. You 
will be prepared to expect this ; for you know that things of 
one denomination cannot be added to or subtracted from 
things of a different denomination, till they are prepared in 
this way : shillings and pence, or cwts. and lbs., cannot be 
united together in one result, without distinction of deno- 
mination, unless the differing denominations be first changed 
to common denominations, that is, to denominations the same 
in, or common to, both. In like manner, \ cannot be either 
added to or subtracted from ^ till the fractions are changed 
into others, equal to them in value, and of a common deno- 
minator; since thirds and fifthSy being different denomina- 
tions, cannot be united together in a single denomination. 
The desired change may always be effected by aid of the 
following principle ; namely. If both terms of a fraction be 
multiplied by any number^ the two products may be put for 
the terms themselves ; and this is only saying, that we may 
multiply a dividend and its divisor by any number we please, 
without altering the quotient : and it is plain, that the quo- 
tient of a dividend by its divisor, is the same as the quotient 
of ttoice the dividend by Itoice the divisor ; three times the 
dividend by three times the divisor ; and so on, for any num- 
ber of times : if, for instance, a sum of money is to be divided 
among a certain number of people, the share of each must be 
the same as if ttoice the sum were to be divided among twice 
the number of people, or as if 8 times the sum were to be 
divided among 8 times the number; 10 times the sum among 
10 times the number; and so on. The liberty thus given to 
us, to multiply the terms of a fraction by any number we 
please, enables us to change those fractions having different 
denominators into others, equal to them in value, but with 
the same denominators, by the following rule : — 

(52.) Rule 1. Multiply the numerator of each fraction 
by the product of the denominators of all the other fractions : 
the several results will be the several numerators of the 
changed fractions. 

2. Multiply all the denominators together: the product 
will be the denominator common to all. 

Thus, to change the fractions -J-, -|^ ^^ into others of the 
same value, and with a denominator common to all, we mul- 
tiply the numerator 1, of the first, by 45, the product of the 
denominators 5 and 9 of the other fractions ; we then mul- 
tiply the numerator 3, of the next fraction, by 18, the product 
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of the denominators 2 and y of the other fractions; and, 
lastly, we multiply the numerator 7, of the next fraction, hy 
10, the product of the denominators 2 and 5 of the other 
fractions : we thus get for the numerators of the new frac- 
tions, 45, 54, and 70; and for the common denotninator , 
2 X 5 X 9 = 90. Hence the proposed fractions^ ^, |^, ^, are, 
respectively, equal to ^,ii^i%: for these are no other than 
the former fractions, after numerator and denominator of each 
are both multiplied by the same number ; both terms of the 
first fraction, -J-, are multiplied by 45; both terms of the 
second, f, by 18; and both terms of the third, ^ by 10. 
And similarly, in all cases, by following the directions of the 
rule, we multiply the terms of each fraction by the product 
of the denominators of all the other fractions ; so that though 
the fractions are changed in appearance^ they remain un- 
changed in value. 

Exercises. 

Reduce the following fractions to others of equal values, 
having a common denominator. 
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(53.) You see, from these examples, that the rule just given 
will always enable you to convert a set of fractions, with dif- 
ferent denominators, into another set equal to them in value, 
with the same denominators. Any rule would do that would 
always supply us with a set of multipliers, for the terms of 
the several fractions, such that the products derived from the 
denominators should be all alike: the smaller such suitable 
multipliers are, the neater and simpler will be the changed 
forms ; and such smaller multipliers often suggest themselves, 
by merely passing the eye along the row of denominators ; 
for instance, if the original fractions were ^ -f, -I, you would 
see in a moment, that the denominators would give equal 
products if the first were multiplied by 4, the second by 2, 
and the third left as it is, without any multiplication at all : 
therefore) multiplying both terms of the first fraction by 4, 
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both terms of the second hy 2, and leaving the third un- 
touched, we have the changed forms, a, f, f : — three fractions 
equivalent to the original ones, and all of the same denomina- 
tion — eighths. By the rule^ the given fractions would have 
been changed into |^, f|^, ^, which are less simple in ap- 
pearance than the other set, though the same in value : the 
former would be converted into these by multiplying both 
terms of each by 8. You thus perceive, that before applying 
the general rule to a set of fractions, it will always be pru- 
dent to look a little at the row of denominators, and try to 
find out, whether smaller multipliers than those which the rule 
would give you cannot be discovered: the smallest possible 
always can be discovered by a mode of proceeding which I 
will show you presently : but the fewer the rules you depend 
upon the better; a little thought and attention will often 
8U[)ply their place. I shall therefore give you a few fractions 
to be reduced to a common denominator, without appealing 
to the rule; first, however, noticing that, as the terms of a 
fraction may be multiplied by any number, so they may be 
divided by any number, whenever such division is possible : 
thus, |- is reducible to \; -^ to \; and so on, as is plain, 
because by multiplying both terms, we know that ^ = f , 
^ = if'^, &c. It would be considered as an arithmetical 
fault in a person, who pretended to a knowledge of fractions, 
to leave a fraction at the close of his work, of which the 
numerator and denominator have an obvious common divisor. 
Be careful to avoid this fault : never allow your work to end 
with such a form as ■^, or -j^, or ^, &c., where the sim- 
plifying divisors are ohviou>s : the final forms in which these 
fractions should be put, are f, f, and -I, which are incapable 
of further simplification. In the fractions which form part of 
the complete quotients, in the exercises on Division (p. 35), 
instances occur, where what would now seem an obvious 
simplification, is neglected; but you could not be supposed 
to know then^ that the terms of a fraction might be divided 
by a number without changing its value. 

It may be of use to yon to know and to remember, that a number is 
divisible by 2, if its last figure be either an even number or ; that it is 
divisible by 3, if the sum of its digits (or figures) be divisible by 3 ; by 4, 
if the number expressed by its last ttoo figures be divisible by 4 ; by 8, 
if the number denoted by its last three figures be divisible by 8 ; by 5, if 
its last figure be either 5 or ; and by 9, if the sum of its digits be 
divisible by 9. 
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In the exercises below you will have to attend to ttco 
things : Jirst^ to see whether any individual fraction can be 
readily changed for another of lower terms; if it can, to 
make the change at once : second^ to seek the smallest mul- 
tipliers for reducing each set of fractions to others with a 
common denominator.* 

(54.) To give you some guidance in this searchi I will show you how 
to proceed with Ezairple 21, below. You observe here, that the deno- 
minators 4 and 6, of the first and third fractions, have a common fiictor, 
2 ; the one denominator being 2x2, and the other 3x2. Now these 
denominators will become equal if the fiictor 3 be introduced into the 
Jirtt, and the factor 2 into the second ; for then each will be composed of 
the same factors, 2, 2, and 3 ; therefore, multiplying the terms of the 
first fraction by 3, and the terms of the second by 2, the fractions be- 
come -^t -f^i the other two fractions are •^, •^. The only differing 
denominators are now 12 and 10 ; these have a common factor, 2 ; for 
they are 6 X 2, and 5x2; they are therefore made equal by multiplying 
the first by 5, and the second by 6. Hence, as before, using these mul- 
tipliers for the fractions last deduced, they become ^, ^, ^ J, ^. 
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The reduction of fractions to others with a common deno- 
minator, besides being a needful preparation for adding and 
subtracting, is often also necessary to enable us to see which 
of two fractions is the greater : thus, -f and -^ differ so little, 
that till you find, by multiplying each numerator by the 
denominator of the other fraction, that 2x11 exceeds 3x7, 
you would not know that the first is the greater. 



(55.) Addition of Fractions. 

Rule. Reduce the fractions to others having a common 
denominator. Add the numerators of the latter together, 

* I need scarcely say, that when fractions are changed to others with 
equal denominators, it is not possible to preserve this equality, and at the 
same time to express each fraction in its lowest terms : as the terms of 
one or mure of the given fractions have to be multiplied by some number 
to bring: about the equality of the denominators, both objects cannot, of 
course, be accomplished. 
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And ander the result write the common denominator; the 
fraction thus formed will be the sum of those proposed 

If anj mixed numbers are to be added, the fractional 
portions only of such nnmbers are to be added by the pre- 
cec^iog rule, and the sum of the integral parts to be added 
afterwards. 

Note. Those fractions, of which the denominators hare a 
factor in common, you will find it much more convenient to 
add two at a time, as in the examples 2, 3, and 4, below. 

Ex. 1. Add together the fractions •}-, •{-, and f. 

These reduced to a common denominator are |^, -g^, and fj ; 

and 1^+11+**= W=2H» the sum. 

2. Required the sum of 2f, 1-f^ and •^. 

Here, taking the fractions only, we see at once that the 
first and third are -^ and -j^, the sum of which is ■l-J=li ; 
therefore, taking in the second fraction, we have •J-+-f-=-t^+ 
^=|-^ ; and since the sum of the whole numbers is 2 -f 1 + 1 
=4, the sum of the proposed quantities is 4-^. 

3. Add together 3|i, fj, and 6ff . 

Here it is at once seen that the denominators 40 and 36 

each have a common factor, 4 ; the first two fractions may 

31 29 

therefore be written -— — -, - — -: so that the two deno- 

10x4 9x4 

minators will be the same, if the first be multiplied by 9 and 

the second by 10; for the factors of each will then be 4, 9, 

and 10. Consequently, i*+ff = |^+m = -|f*=l|**- 
The third fraction, after multiplying its terms by 2, is -f^ ; 

»«<! *?* + ** = i*M + +m = liW^; lience the sum is 
^ ^Wo' ^^^ reason why I changed f|- into -|^ was, that 50 
is a more convenient number to multiply by than 25. 

4. Add together -A^ -A^ ■A> »»<! i*- 

The denominators of the first two fractions are 4x4 and 
3x4; these are made alike by the factor 3 for the first, and 

4 for the second; using therefore these for multipliers, the 
first two fractions become changed into -f^^ -ff . The deno- 
minators of the other two fractions are 5x3 and 5x8; they 
are made alike by the factor 8 for the first, and 3 for the 
second. Hence the last two fractions are changed into -^^9 
•AV* ^^^ ^°^7 differing denominators are now 48 and 120 ; 
that is, 24 X 2 and 24x5, which are made alike by the &ctor 

5 for the first, and 2 for the second ; therefore, using these 
for multipliers of W and ^"^, the sums of the pairs of fac- 
tions above, we have, finally, ii^+iiS=li4==^Afe' 

E 2 
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And this is the way in which you should proceed in work* 
ing the following exercises, reducing the fractions to a common 
denominator, 5y the rule^ only when no two of the denomi- 
nators have a factor in common. If you are only careful 
always to select the greatest factor in common, your changed 
fractions will always have the least common denominator. 
A rule will presently be giren for enabling you to find the 
greatest common factor of two numbers, however large those 
numbers may be. 

Exercises, 



1- i+i+f 



4. 
5. 
6. 

7. 
8. 






V+A4 



tr 






■f^H 



H. 



9- 2H + iA+i*- 

12. If +A+5A+TV. 

14. 6ii+i^+A+i. 

15. A+5V+J*+4A. 

16. 2T^+lA+3A+f 



{5Q,) Subtraction op Fractions. 

Rule. Reduce the fractions to a common denominator, 
which place under the difference of the changed numerators. 

As in addition, after the fractions are brought to a common 
denominator, the numerators only are addedy so in subtrac- 
tion, the numerators only are subtracted ; the common deno- 
minator in both operations being preserved, as it is merely 
that which denotes what the things added or subtracted are. 

Ex. 1. Subtract f from f Here ^— f =|A— fj=^ 

2. Subtract 2| from 4^. 

Here 4^-21=4^1-2^=2^^. 

3. Subtract aj from 7^. 

Here 71-3^=7^—3^; A cannot be taken from -^^ 
we must therefore increase the -^ hj a unit, or ^, borrowed 
from the 7, thus converting the operation into 6{f — S-^ss 
3|^. And similarly in other such cases. 



Exercises. 



1. 3|— 2^. 

2. If-f 



3. H-f 

4. fl-f 



5. 2f— If. 

6. 4A-3«. 
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7. ^i-4«-. 

10. 2H-l-3Tft:-4TV 

11. 6^+l^^5i. 

12. H-6i+lf 

13. 8t!V-»A-2tV. 

15. 10«-7A-2tV 



16- 4«-2TZj.-lf 

17. 3|-lf+5|— 2. 

18. 9«-7f-lf +i. 

19. ll^-6TV-2i-H. 

20. 4V+A-tV-3t1^. 

21. 5V~2TV+3TV+i. 

22. 7i-5i-A-ff. 

23. 13tf-12TV— I-tV- 

24. 15i+li-14ii+f 



(57.) Multiplication of Fractions. 

When anything is multiplied by a frcustion^ the operation 
performed is, in reality, something more than mere multipli- 
cation^ in the sense in which that word is used when the 
multiplier is a whole number: thus, if anything is to be 
multiplied by •}-, the meaning is, that we are to take on^fifth 
of that thing once ; if it is to be multiplied by \^ the meaning 
is, that we are to take one-fifth of it twice ; if by -f , we are to 
take one-fifth of it three times ; and so on. It is so far like * 
ordinary multiplication, that it signifies repetitions, or the 
taking of a quantity a certain number of times : but then it is 
not the whole of this quantity, but only a part of it that is 
taken that number of times : the part to be taken is ma<le 
known to us by the denominator of the multiplier; the num- 
ber of times it is to be taken, by the numerator. 

Suppose we have to multiply f by {^ ; the meaning is, that 
we have to take a fifth part of ^ twice : now, by the fifth 
part of anything, is meant that thing divided by 5 ; in the 
proposed instance, it is -f- divided by 5 ; but -f, is 3 divided 
by 7, and if there be another division by 5, the result is of 
course the same as if 3 were at once divided by 5 x 7, or 35 ; 
so that a fifth part of -f is ■^; and, consequently, tito-Mtha 
must be ^ ; we thus see, that -f x -}- ^ -^ so that the pro- 
duct of the two fractions is nothing more tlian the product of 
their numerators divided by the product of their denomina- 
tors ; and, moreover, that -f- multiplied by f, and -ftlis of -f-ths, 
or |-ths of {-ths, are one and the same in meaning. This must 
be kept in remembrance. 

Although only a single instance is here taken for illustra- 
tion, yet you will easily see, that the same reasoning would 
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apply to any two fractions whatever, and therefore that the 
following rule must be tme for all cases. 

Rule. Multiply the numerators together, and yon will 
get the numerator of the product. Multiply the denominators 
together, and you will get the denominator of the product. 

Note 1. If a multiplier be a tohole number, it may be 
considered as a fraction with 1 for denominator : if a mul- 
tiplier be a mixed number, it must be converted into an im- 
proper fraction. 

2. It is very likely, that in a row of fractions to be 
multiplied together, there may be found fiictors in the 
numerators equal to factors in the denominators ; if so, cancel 
them, or omit them in the multiplications ; for there is no use 
in preserving common factors in numerator and denominator 
of the product, which ought always to be in the lowest terma 
And, on this account, if a fraction is to be multiplied by a 
whole number, it is better to divide the denominator by the 
number, whenever the denominator exactly contains it. 

Ex. 1. What is the product of -{, 2^, and -f-? 

Reducing the mixed number to an improper fraction, we^ 

, 2 9 2 2x3x3x2 ^ 

have ■:rX-rX-:r = :; — :^ — ^ — ?; = ♦• 
3 4 7 3x2x2x7 ' 

As here the factors, 2 and 2, furnished by the numerators, 
are the same as the fsictors of 4 in a denominator, these com- 
mon factors are cancelled ; also, since there is a factor 3 in 
the numerator 9, the same as a denominator, these two 3's 
are also cancelled; so that, after the cancellings, there re- 
mains only 3 in the numerator, and 7 in the denominator ; 
and, therefore, the product is found without actually mtU^ 
tiplying at all. 

2. Multiply f of 3t by I of 2^. 

4 16 3 5 _ 2xl6 _32_ 
yX 5 X 7 X 2 - 3x7 21"""* 

In working this example, I would recommend you to pro- 
ceed thus : having written down all the given fractions, with 
the signs of multiplication between them, as above, and 
having put the sign of equality, draw the line tbjit is to 
separate the resulting numerator and denominator, before 
putting anything above or below ; then, looking at the first 
numerator, 4, examine the row of denominators ; the last of 
this row, 2, you find to be a factor of 4, therefore expunge 
or cancel this factor, putting only the other factor 2 above 
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the line of separation, and draw your pen through the deno- 
minator 2, to remind you, when you come to it, that it ia 
done with : then, looking at the denominator 9, of the first 
fraction, and glancing at the row of numerators, you see a 3, 
which heing a factor of 9, you put only the other factor 3 
below the line of separation, and draw your pen through the 
numerator 3, to show that it is cancelled. The next nu- 
merator, 16, has no factor belonging also to the uncancelled 
denominators; this 16, therefore, yon put dowu as it is, 
against the number before put in the numerator's place ; and 
as the denominator 5 of the second fraction is cancelled by 
the numerator 5 of the fourth, you draw your pen through 
both, and pass on to the next fraction, and yon see that the 
only nncancdled number remaining is the denominator 7 ; 
yon write this, therefore, in the denominators place, against 
the number already there, and put the multiplication sign 
between the two; and you thus have the numerator and 
denominator of the product free from useless factors ; that is, 
yon get the resulting fraction in its lowest terms. 
3. Multiply 1^ 3^, 5 and -^ of f together. 

2 13 5 3 3_13x3_39_., 

3 4 14 5 2x4 8 " 
2 

Here the first numerator 2 cancels a factor 2, in the noxt 
denominator 4, but as the other factor 2 remains uncancelled, 
you write the uncancelled 2 below the 4, which, with the 
numerator 2, is then crossed out : the first denominator 3 is 
also cancelled, with the fourth numerator, so that nothing as 
yet is put on the right of the sign =. Passing then to the 
numerator 1 3, yon see that nothing below cancels it ; you 
therefore put 13 in the numerators place, and the uncancelled 
2 below it Passing now to the third numerator, 5, you see 
that it is cancelled by the last denominator; there remains, 
therefore, only the uncancelled denominator of the fourth 
fraction, and the uncancelled numerator of the fifth. 

In most books on Arithmetic, the cancelled figures, in 
examples of this kind, are printed with the cancelling marks 
across them ; but this gives the work an unsightly appearance ; 
and althongh I recommend this plan to you for your own 
private convenience, yet, in presenting your work to the 
inspection of another, I would not recommend it to be shown 
all defaced by these scratches : when they have served your 
purpose, they should be removed, or an undefaced copy of the 
work taken. 
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Exercises, 



1. Multiply ^ by ^. 

2. Multiply 3| by 2|^. 

3. ixix|of|. 

4. \oi \ of -i?r. 

5. ix4-i^x|of 5. 

6. I|x2fx3i. 

7. 2i|x5^xr. 

8. miy.Wy.5\. 



9. 4|xf ofa|. 

10. f of ajxiof 3|. 

11. fx4ixiof 5. 

12. ix7|xi|xf 

13. 3-f of 4ixiof 7. 

14. 12T^x3|x2^of IJ. 

15. 13|XTVxHxf. 

16. 2HxliX|xA- 



(58.) Division of Fbactions. 

You have already seen, that when you multiply by a 
proper fraction, the product is always less than the mul- 
tiplicand; you will be prepared to expect, therefore, that 
when you divide by a proper fraction, the quotient will 
always be greater than the dividend. If your divisor is a 
whole unit, or 1, the quotient is only equal to the dividend ; 
so that when your divisor is less than ], that is, a proper 
fraction, the quotient must be greater than the dividend, for 
the less your divisor the greater the quotient, and if one 
divisor be a third part, a fourth part, &c., of another, the 
quotient due to that part must be three times, four times, 
&c., the quotient due to that other. All this is plain : sup- 
pose you have to divide by f, that is, the fourth part of 3, 
the quotient must be four times the quotient you would get 
by dividing by 3 itself; so that you would get the true 
quotient by first dividing by 3, and then multiplying what 
you woula get, by 4. Division by a fraction^ therefore, 
would thus imply both division and multiplication, for what 
is here said of tlie divisor f, you must see would equally 
apply to any other fractional divisor : the true quotient would 
always be got by dividing the dividend by the numerator of 
the divisor, and tlien multiplying the result by iA\e denomina- 
tor. For instance, if you had to divide f by f, you would 
first divide the f by 5 ; this would give you -^ ; for 2, first 
divided by 3, and the result by 5, is, in fact, 2 divided by 
15 : but the true quotient must be 7 times the quotient -|^, 
because your true divisor, namely, f, is only a seventh part 
of the li visor 5 ; therefore, the true quotient is -^ x 7, or -} | : 
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joxx thus see, that the quotient of one fraction by another, is 
got by multiplying the numerator of the dividend by tlie 
denominator of the divisor, and the denominator of the divi- 
dend by the numerator of the divisor ; or, which is the same 
thing, the quotient is got by turning the divisor upside down, 
and then proceeding as if the operation were multiplication 
instead of division. Hence the rule. 

(59.) Rule. Invert the divisor, or make numerator and 
denominator change places, and then proceed as if it were 
multiplication. Mixed numbers are, of course, to be reduced 
to improper fractions, as before. 

Note. Before inverting the divisor, see whether the 
numerators of both fractions have a common factor ; if they 
have, expunge it: see if the denominators have a common 
factor; if they have, expunge it. Remember to do this 
before applying the rule. 

Ex. 1. Divide -^ by ■^. 

Here iV"^ A = i'^i = i ^ f = ii> ^^^ factor 6, com- 
mon to both denominators, being cancelled before applying 
the rule, because if allowed to remain, it would enter numera- 
tor and denominator of the result. 

2. Divide 5^ by 2i. 

ixert; -^-g-. -^ — -^g- . ^ — s-^iT — ea — ^tJ* 

3. Divide ^V of H by i o^ f 

First, ^x V = V- Second, fx^ = i- 

Then, V-^i = V X3 = V = 7i. 

In inverting the divisor here, the denominator 1 is omitted 
as useless. If the divisor had been 3 instead of -1^, the divisor 
inverted would have been -|^, since 3 is -S- ; and \ would liave 
been called the reciprocal of 3 ; the reciprocal of any number 
being 1 divided by that number : the reciprocal of a fraction 
is merely that fi-action inverted ; thus, 1 -f-|^ = 1 X f = f ; 
l-5-|. = lX-J- = -|, and so on ; so that the rule for division of 
fractions may be stated thus : multiply the dividend by the 
reciprocal of the divisor, and you will get the quotient. 

JE^xercises. 



9. f of 2i^^ of 2|. 

10. 4|^4-| of f of 6. 

11. 18-^^ of -loft. 

Note. A fraction like either of the fractions in Ex. 12 is 

£ 3 



2 i*.-i-44. 

4- 3H-5-7A- 



5. i^^m. 

6. 27-5-ft^. 

7. A of f H-f 

8. I of If -i-3J^. 
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called a complex fraction ; the word complex implying that 
one of the terms of the fraction, at least, does itself contain a 
fraction. Each of the preceding exercises might have heen 
written as a complex fraction, so as to dispense with the 
sign -~ ; an<l this way •of indicating division is often the 
more convenient, as will be seen in the next article : before 
proceeding to which, however, it may be well to state the 
two following obvious inferences from the rules for multipli- 
cation and division in a distinct form, on account of the 
frequent application of them. 

1 . When a fraction is to be multiplied by a whole number, 
the correct product is obtained, whether we multiply the nu- 
merator by the number and leave the denominator untouched, 
or divide the denominator and leave the numerator un- 
touched ; the latter way, when the denominator is divisible 
by the number, is generally to be preferred. U the multiplier 
be eqiuU to the denominator, the product is simply the nu- 
merator. 

2. When a fraction is to be divided by a whole number, 
the correct quotient is obtained whether we divide the nume- 
rator by the number, leaving the denominator untouched, or 
multiply the denominator and leave the nnmeiator untouched ; 
the former when praetieabie is generally to be preferred. 

(60.) To find what Fraction one Quantity is of another 

Quantity, 

The fraction that one quantity is of another is expressed 
by writing the former as numerator, and the latter as deno- 
minator; both quantities, if concrete^ being first reduced to 
the same denomination. 

Ex. 1. What fraction of •§ is -^f 

Here we have only to divide i by f ; therefore ix|=| ; 
so that -i- is -f- of -|. 

2. What fraction of 12f is 7 ? 

— -= — , the fraction required. 
12^ 63^ ^ 

3. What fraction of £\ is Is. Sd, ? 

Reducing these to the same denomination, we have 

?^=-?^=^ ; that is, 7e. Sd. is the Mths of £l. If A 
20*. 240 60 ^ ^ ^^ 

had been replaced by \, the result would have come out in 

the lowest terms at onced 



FRACTIONS. 88 

4. What fraction of 8«. 4d. is 3#. 9d. ? 
As 4rf.=^., and 9rf.=|#., we have 31-7-8^= V -5- V=i 
-S-|=-^; so that Bs. 9d. is V^ths of 8f. 4d, 

Exercises. 

1. What fraction of St. is U. lOcf. ? 

2. What fraction of 2#. 6(/. is 8^. ? 

3. Reduce 8s. llcf. to the fraction of a guinea. 

4. Keduce -f of 2#. to the fraction of £l. 

5. What fraction of a yard is 2 ft. 5 in. ? 

6. What fraction of a ton is 3 cwt. 1 qr. ? 

7. Reduce -^ of 10 minutes to the fraction of an hour. 

8. What fraction of 2^ is |^ of 3f ? 

9. What fraction of £lf is Tf^.? 

10. What fraction of 90** is 12** 23^^? 

11. What fraction of a week is 2 d. 17 h. ? 

1 2. What fraction of 1-J- is ^ of 2^ ? 

13. What fraction of 2^ is ^ of IJ ? 

14. What fraction of £7 I3s. A^d. is £2 Us. 2^ J. i 

1 5. Reduce 3 roo. 21 po. 3 yds. to the fraction of 1 1 ac. 2 roo. 

6po. 

(61.) Examples of Mtdtiplication and Division qf concrete 

Quantities. 

Though the rules giyen for multiplying and dividing by a 
fraction or mixed number apply generally, whatever the 
things multiplied or divided may be, yet as these rules have 
been actually applied hitherto only to abstract numbers, it 
may be proper to ^ve a few examples in which concrete 
quantities are concerned. 

Ex. 1. Multiply 7s. l^rf. by »i», or 12f 

s. d, s, d, 

7 1^x12 7 lixi 

12 7 



4 5 6 9)49 10^ 

5 6^ for i 



£4 11 0| 



5 6i 



Or, since 7s. 1^.=7J*.= V'-» ^^ ^*^® V'- ^ *i'= V*- ^ 
i|»=i^»,.=91^.=£4 11*. 0^. The best way to mul- 
tiply by 19, is to multiply by 20 and subtract the multiplicand 
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2. Multiply 3 ton 7 cwt 12 lb. by 2f. 

The product by f may also be p^ot 
ton, cwt. gr. lb. by taking 4- from the whole, thus : 

4)3 7 12 ^ ^^ ^ ^ ; 

a ton. cwt. gr. lb. 

^ 4)3 7 12 

16 3 3 



6 14 
fori 16 
for 1 1 13 



3 
2 


24 
3 
G 


9 4 


2 


5 



I 2 10 1 9 for J 



3. Divide £7 11». ^d. by 5^^-. 

This is to multiply by -^, which may be done by first re- 
ducing to the lowest denommation, but more easily as below. 
«£• 9. d. £. 9. d. 

7 11 6i Or thus: 7 11 Q}^., to h^ added, 

20 12 + 1 = 13 



151 90 18 6 

12 £. 8. d. 

67)98 10 0^(1 9 4j 

1818 67 +ff/. 

4 — 

31 

7274 20 

13 

630 



21822 603 

7274 

27 



67)94562(141111 farthings. 12 

67 

4)1411-|-ff 324 

275 268 

268 12) 352| 



— 56 

76 2,0) 2,9 4 4 

67 

£19 4f+||/. 226 

92 201 

67 

_ 25 

25 
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Exercises. 

1. Multiply £12 11#. 6rf. by 12f. 

2. What is the yalue of \ acre at £2^ per acre ? 

3. Multiply 17*. &\d. by 75 4|. 

4. A person walks 77f miles in 10^ hours, at what rate is 

that per hour ? 

5. Seven pieces of doth, each containing 11-| yards, cost 

£54f , what was the price per yard ? 

6. Three persons, A, B, 0, purchase property worth £625 ; 

A purchases -f, B \^ and the rest : what is the worth 
of each person's share ? 

7. The total amount of gold exported from San Francisco, 

in California, during the month of October, 1851, was 
6884875 American dollars; what was its worth in 
English money, an American dollar being -^ of an 
English one? [[American dollars differ in value in 
different States.^ 

8. A person has | of a cargo, worth £900, and wishes to 

sell f of his share ; what is it worth ? 

9. A person holding -| of property worth £864 10«. wishes 

to dispose of as much of it as will produce £160 ; what 
share will he possess after the sale ? 
10. The true length of the year is very nearly 365 days 5 
hours 49 minutes ; what is the length of the -^ part, 
or 7 weeks, considering a week to be the 52nd part 
of a yc-ar ? 

(62.) To find the Greatest Common Measure of two or more 

Whole Numbers. 

By the greatest common measure of a set of numbers is 
meant the greatest number which will divide them all without 
leaving any remainder; a number being said to measure 
another only when it is contained in that other a certain 
number of times exactly: 3, for instance, measures 9, 12, 
15, &c., but it does not measure 10, 13, 16, &c. Of the 
numbers 8 and 12, 4 is the greatest common measure; that 
is, the greatest divisor common to them both: 6 is the 
greatest common measure of 12 and 18, as also of 12, 18, 
and 36 ; and so on. The words greatest common measure 
are, for shortness, replaced by the letters o. o. m. 

The chief use of a rule for finding the o. c. m. of two num- 
.bers is to enable us to discover with certainty the lowest terms 
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ill which any proposed fraction can be written. In the frac- 
tions hitherto considered, this object has been attained by a 
simple inspection of the numerator and denominator, as the 
fexstors common to both are often sufficiently obyioos to 
become readily detected by a little examination; in which 
examination the table of factors at the end will frequently 
be of assistance. I have postponed the general rule about to 
be given till now, because you should always endeavour to 
discovdt the greatest common measure in this way, without 
resorting to any such rule ; for the operation by it is some- 
times long, though not difficult, and frequently ends by 
showing that no common measure exists. Moreover, it is 
not indispensably necessary that a fraction be reduced to its 
lowest terms : factors which obvioiuly enter both numerator 
and denominator should always be removed ; but when the 
detection of them requires the aid of the rule below, they 
might, in most cases, be suffered to remain, without bringing 
any discredit upon the computer ; for the simplified result is 
seldom worth the trouble of obtaining it. It is right, how- 
ever, that you should know the rule, more especially as it 
may be applied to other purposes. 

(63.) Rule. To find the o. c. m. of two numbers, divide 
the greater by the less ; make the remainder a new divisor, 
and the former divisor a new dividend ; then make the second 
remainder a divisor, and the preceding divisor a dividend, and 
so on, always dividing the last divisor by the last remainder 
till the remainder disappears, or becomes 0. The divisor 
which thus leaves no remainder is the o. c. m. of the two 
numbers. If there be a third number, apply the rule to the 
G. c. M. of two and the third : and so on. 

NoTB. — ^Yon may yery often stop the process before it terminates in 
this way of itself. The divisors continually diminish in magnitude, and 
on this accoont, thongh the original numbers may be too large for yon to 
detect their o. c. m. without a rule, yet the smaller numbers, which form 
the several divisors, may be small enough, after a step or two, to enable 
you to see by simple inspection what the o. c. m. of a pair of them is, 
and it so happens, that the o. c. m. of any two of the divisors is always 
likewise the o. c. m. of the original numbers. And it is strange that 
this way of curtailing the work is not expressly pointed out in books of 
arithmetic. In the first example on next page, the process is carried on 
till it terminates of itself, for the purpose of showing you all the steps in 
full ; but after the first of these steps, the remainder of the work is un- 
necessary. Your first remainder 92 will obviously divide by 2; the 
quotient 46 will also divide by 2, giving 23 ; the only different fisustors of 
92 are therefore 2 and 23. Now 161 will not divide by 2 ; but you find, 
nnon trial, that it will divide by 23. Hence 23 is the o. c. m. 
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Ex. 1. Find the o. cm. of 161 and 253; and thenoe 
reduce the fraction \^ to its lowest terms. 

Proceeding hy the rule, as in the 
margin, the o. c. m. is found to be 161)253(1 
23; we infer, therefore, that both 161 

numerator and denominator of the ■ 

fraction have 23 for their highest 92)161(1 

common diyisor. Diriding Uiem, 92 

therefore, by this number, we find — 

the firaction in its lowest terms to 69)92(1 

be -^ which is certainly a much 69 

simpler form than \^ And I — 

may here observe, that we can often 23) 69 (3 

form a much more correct estimate 69 

of the yalue of a fraction after it is — 

reduced to its lowest terms : yon can form a better notion of 
7 elevenths of a thing than of 161 parts of it out of 253. 

2. Find the o. c. m. of 175 and 912. 

Here we find that the second divisor is 37, 175) 91 2 (5 
which obviously has no factor, unity not being 875 

considered as a factor; hence the numbers 

have no common measure, so that the fraction 37 

•}-fj- is already in its lowest terms. 

3. Reduce ^fii^ to its lowest terms. 
Proceeding as in the 

margin, we arrive, after 1 232 1 ) 54345 (4 
a few steps, at the re- 49284 

mainder 210, a number 

whose factors, it is very 5061) 12321 (2 

easy to see, are 10, 7, 10122 

and 3, the 10 being 

composed of the factors 2199) 506 1 (2 

2 and 5; so that the 4398 

o. c. M., if any common ■ 

measure exist, must be 663)2199(3 

one or more of these 1989 

factors. A glance at 

the last figure of 663 (See Eiei^, p. 61.) 210 

shows that neither 2 

nor 5 can be a divisor of it. It is ea^ to try 7, which is 
found not to succeed ; but 3 does succeed : hence the o. c. m. 
of the terms of the proposed fraction is 3. And thus several 
steps of work are saved. Dividing numerator and deno- 
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roinator by 3, we have fHii='AWr» which, after all, is a 
degree of simplification too trifling to be worth the trouble by 
which it has been effected ; but then this could not have been 
foreseen. The common measure 3 could have been easily 
found by inspection. 

(64.) The truth of the rule for the G. c. m. depends upon 
two general principles; namely, 1. If one number he divided 
by another^ every factor common to dividend and divisor^ 
must also be a factor of the remainder. For suppose two 
numbers, that have no factor in common, to be divided one by 
the other, and the remainder to be found : it is plain, that if 
the dividend and divisor were each to be multiplied by any 
number, 4, for instance, and. the division then to be per- 
formed, we should get the same quotient as before; but the 
remainder would be 4 times the former remainder, because 
if you subtract 4 times a number from 4 times another num- 
ber, the remainder must be 4 times as great as it would have 
been if you had subtracted without multiplying the numbers 
by 4. You see, therefore, that when a factor is introduced 
into dividend and divisor, it is also introduced into the 
remainder; so that whenever a common fa-ctor exists in 
dividend and divisor, you would be sure to find it out by 
trying all the factors of the remainder. 

2. Whatever factor is common to remainder and divisor, 
also belongs to the dividend. For the dividend is equal to 
the product of quotient and divisor, with the remainder 
added : the portion of the dividend, furnished by the product 
of quotient and divisor, has, of course, whatever factor the 
divisor has; so that if the other poHion, namely, the re- 
mainder, liave the same factor, it follows, that the sum of 
these portions, that is, the dividend itself, must have that 
fa-ctor. These two principles suggest the rule ; thus, referring 
to Example 1, the greatest common factor of the remainder 
92 and divisor 161, is also the greatest common factor of 161 
and 253 : in like manner, the G. c. M. of 69 and 92, is the 
G. G. M. of 92 and 161, and, consequently, from what has 
just been inferred, the G. cm. of 161 and 253 : and, lastly, 
the G. c. M. of 23 and 69, which we see is 23 itself, is the 
G. c. M. of 69 and 92, and, therefore, of 92 and 161, and of 
161 and 253. 

Exercises. 

1. Find the G. c. M. of 247 and 323. 

2. Of 272 and 425. 3. Of 57 and 68. 
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4. Of 408 and 527. 5. Of 1 164 and 1261. 

6. Reduce - f^Ji to its lowest terms. 

7. Reduce |-ff to its lowest terms. 

8. Reduce iVaVa to its lowest terms. 

i). Find the o. c. m. of 5283 and 176491. 

10. A field is 1 69 rods long, and 156 rods wide: what is the 

length of the longest chain that will exactly measure 
both length and width ? 

11. Three persons, A, B, C, having, respectiyely, Xd23, 

j£456, and J&551, lay it out in land, at the greatest 
price per acre tliat will allow each to spend the whole 
of his money : what was the price per acre, and how 
many acres did each buy ? 

12. Find the least number of ounces of stan<lard gold that 

can be coined into an exact number of half-sovereigns : 
standard gold being £S 17«. 10^ an ounce.* 



{65,) To find the Least Common Multiple of a Set of 

Numbers, 

Any number that is exactly divisible by a set of other 
numbers is called a common multiple of those others, and 
the least number that is exactly divisible by a set of others, 
is called the least common multiple of those others : it is, for 
brevity, expressed by the initial letters, l. c. m. 

From knowing how to find the L. c. M. of a row of num- 
bers, we can always reduce a row of fractions to others equal 
to them in value, and, at the same time, having the lowest 
possible common denominator ; for the lowest common deno- 
minator will, of course, be the least common multiple of the 
original denominators. Each changed fi-action will have this 
L. c. M. for denominator, and therefore for numerator, it must 
have the product that arises from dividing the L. c. m. by the 
origiual denominator, and multiplying the original numerator 

* As a bint towards the management of this question, the learner may 
be informed, that if the £Z 17«. 10^^. be reduced to half.pence, and 
the number of half-pence be divided by the number in 10«., the quotient 
will give the number of half-sovereigns and the fraction of a half-sovereign 
that can be coined from one ounce ; he will then have to iind the lowest 
number the dividend must be multiplied by to prevent the entrance of a 
fraction in the quotient. It will not be difficult for him to see that 
£^ 10«. out of the £Z \1». \(i\d. may be neglected in the work. He 
will find the least number of ounces to be 80, and the corresponding 
number of half-sovereigns to be 623. 
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by the qaotient, because it is only by such multiplication thai 
the original numerator and denominator come to be botk 
multiplied by the same number. 

Before giving you a general rule for finding the L. c. m., it 
28, perhaps, better that I should show you, by an example, 
what appears to me to be the most convenient and obvious 
method of proceeding. Suppose the numbers 24, 10, 9, 32, 
6, 45, and 25, were proposed, we should have to discover the 
lowest number that would give a quotient free from fractions, 
when divided by any one of these seven numbers. Let us first 
divide the 24 by the 10, we shall have ^ = 2-|; and as the 
fniction ■{- is in its lowest terms, with 5 for denominator, it is 
plain that we most take the dividend 5 times, <U leasts in 
order to render the quotient free from a fraction; so that 
24 X 5, or 120, is the least number which is exactly divisible 
by both 24 and 10. Again; ^f^ = 13^, so that we must 
multiply the 120 by 3, at lectst^ to make the quotient by 
9 a whole number: hence, 360 is the least number exactly 
divisible by 24, 10, and 9. Again; ^ = 11-^9 so that 
360x4 = 1440, is the least number divisible by 24, 10, 9, 
and 32 : we need not attend to the 6, because whatever is 
divisible by 24 is also divisible by 6 :* taking, therefore, the 
next number, we have ^-^^ = 32, so that 1440 is the least 
number divisible by 24, 10, 9, 32, 6, and 45. Lastly, 
*fj° = 53f ; consequently, 1440x5 = 7200, is the L. c. m. 
of all the numbers. 

From this example you will be prepared for the rule I 
propose to give : it is as follows : — 

Rule. Take any two of the numbers for dividend and 
divisor. If the quotient have a fraction, reduce it to its 
lowest terms, and multiply the dividend by its denominator. 
Take the product for a new dividend, and another of the 
numbers for divisor : if the quotient have a fraction, reduce it 
to its lowest terms, and, as before, multiply the dividend by 
the denominator : take the product for a new dividend, and 
another of the numbers for a divisor ; and so on, till all the 
proposed numbers have been used, omitting those which are 
obviously contained in any of the others, or in a dividend 
already found : the last product will be the L. c. m. 

* As 45 is one of the given nnmbers, we might, for a like reason, have 
neglected the 9 ; since whatever is divisible by 45 mnst be divisible by 9 : 
or we might have neglected the 45, since whatever is divisible by 10, aud 
9, mnst obvionsly be divisible by 45. 
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NoTB 1. If any quotient occur without a fraction, tbe 
same dividend is to be used with the neat divisor. 

2. When in going over the row of numbers yon come 
to one which is a prims number (page 20), you should 
see, as you may readily do, whether this prime number be 
contained exactly in any of the preceding : if it be, you are 
to omit it, as the rule directs ; but if it be not, then yon will 
know that the quotient, arising from dividing your last divi- 
dend by it, must have a fraction with that prime number for 
denominator: you need not, therefore, be at the trouble of 
performing the division ; you will merely have to multiply 
the dividend by the prime number, and then to pass on to 
the next number ; but a still better way will be, to reserve 
these prime numbers, after having selected them from the 
entire row, and to apply the rule only to tha composite num- 
bers into which the primes do not enter ; and when you have 
got the L. G. M. of the composite numbers, to multiply it by 
the primes, one after another ; of course, you are to take no 
account at all of such primes aa are contained in any of the 
composite numbers. 

JSxercUet, 

Find the least common multiple of 



1. 8, 12, 18, 20 

2. 3, 0, 27, 81 

8. 2, d, 4, 5, 6, 7, 8, 9 



4. 24, 16, 20, 80, 25 

5. 27, 24, 15, 126 

6. 242, 748, 21, 427. 



It may be aa well to remind you here, that as 6 and 8, in 
Ex. 8, contain 2, 8, and 4, these latter numbers may be 
omitted; and as 5 and 7 are primeiy not contained in any of 
the other numbers, they may be reserved (Note 2) ; so that 
you need apply the rule only to 6, 8, 9, of which the l. o. m. 
is 72 : therefore, 72 x 5 x 7 = 2520, the L. c. M. of the pro- 
posed numbers. The following example is also one in which 
you may, with advantage, avwl yourself of Note 2. 

7. Find the L. c. m. of 11, 12, 18, 14, 15, 16, 17, 18, 19, 
20, 21. 

Here there are four prime numbers, which you may reserve 
till you have applied the rule to the others. 

From what has now been said about the L. c. m. of a set of 
numbers, you can never be at a loss how to reduce a row of 
fractions to others equal to them, and having the least pos- 
sible common denominator: as observed at the commencement 
of Art 65y when you have found the l. c. m. of the deno- 
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minators, by aid of the above directions, you wiU only havft 
to divide it by the denominator of the first fraction, to get 
the number by which the numerator must be multiplied, in 
order that you may have the proper numerator of the cor- 
responding changed fraction; and so of all the following 
fractions. In other books on Arithmetic, you will see rules 
for finding the L. c. M. different from that above : some of 
these may look shorter, but I think the one here given will 
be found as expeditious as any, while it is much more easy of 
proof, and of being borne in the memory. (^See Key^ p, 61.) 



PRACTICE, 

{QQ,) Practice is the name given to a set of operations in 
commercial arithmetic, by which the prices of commodities 
may often be calculated in an expeditious manner. 

From the examples of these operations which I shall here 
give, you will easily see what the peculiar method called 
Practice really is; and you will, at the same time, observe, 
that though it does not enable you to do anything you cannot 
do already by means of the rules for compound quantities 
before taught, yet, that in many cases, both time and figures 
are saved by replacing these rules by Practice ; and such a 
saving is matter of consideration in actual business. When 
you are familiar with the method, it will be for you to deter- 
niine, in any example you may have to work, whether the 
former methods, or the method of Practice, or a combination 
of those two, be the most likely to save time and trouble. 

Ex. 1. What is the value of 48 tons, at 
^6 10*. a ton ? 48 

Here, instead of reducing the money to 6 

shillings, and then multiplying by 48, we 

should regard the £6 10». as 6J, working 2S8 

the example by multiplying the 48 by 6, 10*. \ 24 

and adding the half of 48 to the product : 

the sum is, of course, the whole product of £312 

48 by 6^, and the result comes out at once 

in pounds, without any reduction, as in the margin. The 
operation so conducted and so arranged is an operation of 
Puactice. 
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288 


IQs. 


i 


24 


5s. 


i 


12 



£324 



2. Suppc>8e tbe price per ton had been 48 
£6 I5s.: then, observing tbat 10s. is tbe 6 
half of a pound, and 5s. tbe half of lOs.y tbe 
operation would have been as bere annexed. 
Here you see, tbat 48 times tbe £6 is 
£288; 48 times tbe ^£, or 10«., is £24; 
and as 48 times 5s. must be tbe baJf of this, 
we get tbe additional £12: so tbat tbe 
whole sum is £324. 

You thus see, tbat bj working examples of this kind by 
Practice, you avoid tbe trouble of reducing tbe compound 
quantity concerned to tbe lowest denomination, wbich appears 
in it, and then of reducing tbe result back again. In Practice 
tbe highest denomination is preserved, and the lower deno- 
minations considered as Aliquot Parts, tbat is, exact 
measures of tbe bigher; so tbat tbe chief thing you have 
to do, is to consider how these lower denominations may be 
most conveniently cut up into aliquot parts of tbe higher: 
thus, in tbe last example, tbe 1 5s. was cut up into 10«., the 
lialf of tbe highest unit, a £, and into 5«., tbe half of tbe 10«., 
or tbe fourth of the £. 

S. Suppose the price had been £6 I7s. 6d. per ton: then 
tbe aliquot parts would have been ^ of a 
£ for 10«., ^ of lOs. for 5s.^ and ^ of 5s. 
for the remaining 2s. 6d. : tbe work would 
therefore have stood as in tbe margin. 
The fractions are put against tbe several 
sums into which tbe shillings and pence 
are cut up, to show what aliquot parts 
they are; but you must avoid the error 
of saying you divide by ^, ^, &c., for 
you divide by 2, 4, &c., in order to get 
tbe half, the fourth part, &c. It is to 
prevent your falling into this error, tbat 
each fraction is placed, not beside tbe 
dividend, but beside tbe quotient. 

4. Suppose, lastly, tbe price were 
£6 7s. 10-^. Here you may cut up 
tlie shillings and pence as follows : 5s. 
is i£ ; 2s. 6d 18 ^ of 5s. ; 3d. is -^ 
of 2s. 6d.., or SOd. ; and^ lastly, 1^. 
is ^ of 3d. Hence the work is as in 



lOs. 

5s. 

2s. ed 



48 
6 

288 

24 

12 

6 

£330 



5*. 


i 


2*. 6d. 


i 


8d. 


A 


l^d. 


i 



48 
6 

288 

12 

6 







12 
6 



the margin. 



£306 IS 
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68. Sd. 
U. 4d. 

Sd. 

2d. 

id. 



5. If the price liad been £6 8s. lO^d.^ 
liave been conducted as here an- 
nexed, from which yoa will see that 
there is sometimes need for a little 
reflection as to the most conyenient 
set of aliquot parts. 

When you come to the bottom of 
this page you will see how, by a little 
contrivance, the work here given in 
the margin may be abridged. I give 
you the operation in this form at first, 
as also that of the next example, in 
order that you may become acquainted 
with the management of aliquot parts. 

6. Find the value of 76 at ISs. Hid. each. 

In this example, the highest deno- 
mination being shillings, the first 
aliquot part taken is that of a shil- 
ling; for the portion of the price 

equal to one shilling, the 76 articles 
would be 76*.; therefore, for half 
that portion, that is, for the 6d.^ the 
sum is 38*. The total amount of all 
the component portions of the entire 
value is 1062*. 5d. : therefore, di- 
viding the shillings by 20, we have 
£53 2*. 5d.* 

Sometimes you may abridge 
the work by increasing the price 
of the single article, and then 
correcting the result, by sub- 
tracting what is due to the in- 
crease: for instance, when the 
price is 17*. 6<^, preceded by 
pounds or not, you may increase 
it by 29. Gd.y and then allow for 
the overplus, by subtracting the 



the work might 



48 
6 



i 
i 
1 

i 



288 

16 

3 



4 

12 

8 

2 



£309 6 



76 
13 



6d. 


i 


Sd. 


i 


2d.o{6d. 


i 


id.o{8d. 


i 



228 
76 

988 

38 

19 

12 

4 



8 
9 



1062 5 

48 at £6 10«. 
6 



10«. 



288 
24 

£312 



* As noticed above, the operation in the margin merely shows what 
the steps suggested by the mle of Practice really are ; bat the more com- 
pletely the prineiplet of arithmetic are taught, the more independent of 
rulet does the learner become. He who knows these prindples well, 
need never ransack his memory for ru/e*. The value of the 76 articles 
above, at 14«. each is 1064«. ; this diminished by 76 ftrthings, or 19 pence, 
that is ]«. Id., leaves 1062«. 5<f., as above. 
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48 at 1#. 1|J. 

548. 
£312-£2 Us.=z 

£309 6«. 



amount for \£: Ex. 3 might 
have been worked in this way: 
but I shall Ulastrato what I meau 
bj taking Ex. 5. Here we see, 
that by increasing the price by 
Is, l\d., it becomes £6 10«. : the 
correct result will therefore be 

found by computing the value of 

48 articles at £6 10#., as at the bottom of last page, an<i 
subtracting from it the value of 48 at It, i^. 

I shall work out for you only one more example, serving 
to show how you may sometimes combine Practice with 
Compound Multiplication to advantage: you will see that 
one part of the operation is performed by both methods. 

7. Find the value of 7cwt. 3qrs. 1 1 lbs., at £2 iSs.ld. per qr. 

As the price is per qr., we reduce the 7 cwt. 3 qrs. to 
31 qrs., so that we shall have to multiply the price by 31, 
and then to take parts for the odd 1 1 lbs. : the first of these 
operations is here given in tw6 distinct forms. 



£. 8, d, 
2 13 1x1 
10 



£. 8, d, 
31 at 2 13 1 
2 



£. 8. 

2 13 



d. 
1 



26 


10 


10 
3 


79 
2 


12 
13 


6 

1 


£82 


5 


7 



108. 

28 ed. 
ed. 

Id. 





— 




7 lbs. 


4 


13 3i 




62 




4 lbs. 




7 7 


i 


15 10 






i 


3 17 


6 


£1 lOi 


i 


15 


6 








i 


2 


7 









5 7...for31 qrs...£82 5 7 

1 lO^for 11 lbs. 

£83 6 5^ the value sought. 



Of the two ways of finding the £82 58. 7d.^ the first is to 
be preferred as the easier. 

Note 1. It is worth while to observe, that whenever the 
price of a number of articles at an even number of shillings each 
is to be computed, the shortest way is to take only half the 
number of shillings, to multiply the given number by this 
half, and put down the double of the first figure of the pro- 
duct for shillings^ the remaining part of the product will be 
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pounds : thus, if you have to compute the 

value of 123 articles at 18«., the work is 123 at 18#. 

comprised in only the few figures in the 9 

margin. By doubling the first figure 7 

of the product, for shillings, and not £110 lis. 

doubling the other figures, you get the 

siime result as you would do if you were to multiply by 9 

and by 2, and were then to divide the resulting number of 

shillings by 20, as is sufficiently obvious. 

NoTB 2. It may also be noticed here, that in the parchase of some 
kinds of goods, certain commercial alloiaanees are made for the packages, 
chests, &c. containing them, as also for waste ; and these allowances are 
deducted from the gross weight. The deduction for the package is called 
tare^ and is generally at so much per cwt. This deduction is made first. 
The deduction for waste, which is made next, is called tret^ and is an 
allowance of 3^, or ^ of -j^ of the weight, when diminished by the tare. 
Besides these, a trifling allowance is sometimes made to retailers, for what 
is called *'the turn of the scale;" it goes by the name of cloff. The 
amount of these deductions may always be computed by Practice ; and no 
special directions are necessary for executing the work : the deductions 
being made, the result is the net weight. 





£. 8. 


d. 


Exercises.* £. 


9 


1. 


37 at 2 16 


6 




7. 243 at 2 


4 


2. 


41 at 3 17 


8 




8. 317 at 4 


3 


3. 


79 at 5 11 


7 




9. 353 at 7 


18 


4. 


83 at 6 3 


6i 




10. 417 at 3 


9 


5. 


133 at 1 13 


8i 




11. 358 at 6 


11 


6. 


211 at 3 9 


51 




12. 519 at 7 


19 



13. 4 cwt. 2 qr. 5 lb. at 16*. id. per cwt. 

14. 2 cwt. 1 qr. 13 lb. at £l 13«. 9d per cwt. 

15. 38 yds. 1 ft. 7 in. at £2 3*. l^d. per yard. 
J 6. 17 yds. 2 ft. 8 in. at 13«. 3^^. per foot. 

17. 7 oz. 11 dwt. 18 gr. at 3». 8^. per oz. 

18. 14 weeks 3^ days at £l 12*. 6e/. per week of 7 days. 

19. 3 months 3 weeks 3 days at £l 3*. 1 0d. per week of 6 days. 

20. 127 ac. 3 roo. 37 per. at £3 6». %d. per acre, 

21. 17 cwt. 3 qr. at £5 5s. per ton. 

22. 86 lb. 3 oz. 15 dwt. 18 gr. (troy) at £4 16*. id. per oz. 

23. The Sydney Morning Herald (Aug. 1851) reports, that 

gold to the amount of from £5000 to £ 1 0000 reaches 
Sydney, in Australia, daily, from the gold fields *. 

* In working these exercises, the results are to be brought out to the 
niarest farthing, and are not to be encumbered with fractions of a farthings 
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£S 8f. 4d, per ounce has been offered for all the gold 
GoTemment might receive daring two months : among 
the recent arrivals from Ophir was a lamp weighing 
,51 01. 15dwt.; what would be the price of it at the 
above rate ? 

24. The number of acres growing hops in England, in 1850, 

was 43127: the duty on these was at the rate of 
£9 17#. per acre : required the whole amount of duty ? 

25. In the year ending Jan. 5, 1851, 2623656 gallons of 

spirits were imported into England from Scotland, and 
828138 gallons from Ireland; the duty paid on the 
transfer was Tf . 1 Od* per gallon : what was the whole 
amount of duty ? 

26. The prices paid at St. Thomas's Hospital, London, for 

beef and mutton during the year 1850, were for the 
former 2#. Sd. per stone, and for the latter 3s. 4d. per 
stone : how much was paid for 13 cwt. of each ? 

27. The average pay of the crew of a foreign-going trading 

vessel is as follows : captain, £10 per montib ; mate, 
£5 ; second mate, £2 I5s, ; carpenter, £4 ; able sea- 
man, £2 5#. The number of able seamen is 2 to every 
hundred tons registered : what is the pay of the com- 
pany of a ship of 800 tons for 107 days, allowing 30 
days to the month ? 

28. Every person in Great Britain who receives an annual 

income of £150, or more, must pay an income-tax of 
7d. in the £ : what amount of tax must a person pay 
whose income is £2625 ? 

29. The dearest year for provisions ever known in England 

was the year 1813 ; the contract price of butchers' meat 
paid by Government for the supply of Greenwich Hos- 
pital was then £4 5s. per cwt : as the average charge 
for beef and mutton in 1850 was 3s. per stone, calculate 
the reduction in price per cwt. and per stone. 
80* The quantity of wheat sold in the United Kingdom in 
1850 was 4688246 quarters; of barley, 2235271 quar- 
ters ; and of oats 866082 quarters : the average prices 
for the year were, wheat, 40«. 3d, per quarter ; barley, 
2Bs. 5d. per quarter; and oats, I6s, 5d. per quarter: 
what sum was received for the whole ? 
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PROPORTION. 

(67.) Four qnantities are said to be in proportion when 
tbe first contains the second as many times and parts of a 
time, as the third contains the fonrth, or when the complete 
quotient of the first, divided by the second, is the same 
abstract number as the complete quotient of the third divided 
by the fourth.* 

(68.) The complete quotient arising from dividing one quan- 
tity by another of the same kind is called the ratio of the former 
to the latter : thus the ratio of 6 to d is 2 ; the ratio of 6 to 
2 is d ; the ratio of 7 to 4 is If ; and so on. Ratio is thus 
only another name for quotient : the first term of the ratio, 
that is the dividend, is called the antecedent; and the other 
term, that is the divisor, is called the consequent. When, 
therefore, four quantities are said to be in proportion, or to 
form a proportion, you are merely to understand, that the 
ratio of the first to the second is the same as the ratio of the 
third to the fourth ; in other words, that if you were to divide 
the first by the second, you would get the same complete 
quotient, as if you were to divide the third by the fourth. 
For example, the four numbers, 12, 2, 18, 3, form a propor- 
tion, because the ratio of 12 to 2, namely 6, is the same as 
the ratio of 18 to 3. Instead of saying in words that these 
four numbers are in proportion, it would be sufficient to 
write them in a row, with dots between them, as follows: 
12 : 2 :: 18 : 3, which would be read, 12 is to 2^ as 18 to 
3; or^ as 12 is to 2y so is 18 to 3. You see that the two 
dots which separate the terms of each ratio, differ from the 
sign for division (-4-) only by the little mark between them ; 
and, in fact, the notation just employed is only the same as 
12-^2 = 18-7- 3, and you may always regard a proportion in 

* The learner will obserre, that I say here the tame abtiract ntimder, 
because a ration implying the relation of one quantity to another with 
resp^ to the magnitude of them, can exist only between quantities of the 
same kind. It has already been seen (page 62), that divinon and guO" 
tientf unlike multiplieation and ffroductt are terms that are used in 
different senses : we are said to divide a concrete quantity by 4, when we 
take the fourth part of that quantity ; which fourth part we are accus- 
tomed to call the quotient. If division were restricted to mean the finding 
of how many times one quantity is contained in another, the operation 
just noticed would be excluded ; the term quotient is to be understood in 
this restricted sense when used for ratio. 
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this light ; indeed, jou will often find the tenn proportion to 
be briefly defined as '^ an equality ofratioi" or quotient$, 

(69.) I think, from this explanation, yon clearly see the 
meaning of ratio^ as applied to two numbers, and ot propor^ 
tion^ as applied to four; that if two numbers were proposed, 
you conld tell the ratio of the first to the second ; and that if 
four were proposed, you could find out whether they were in 
proportion or not : thus, if the two numberb 24 and 6 were 
proposed, you would know that the ratio of the first to the 
second is 4 ; that the ratio of 8 to 2 is also 4 ; and you would 
thus infer, that the four numbers, 24, 6, 8, 2, are in propor- 
tion; or, that 24 : 6 :: 8 : 2. Again; the ratio of 17 to 4 
is 3f, so that the four numbers, 24, 6, 17, 4, are not in pro- 
portion ; the ratio of the first to the second being greater than 
the ratio of the third to the fourth. In like manner, the ratio 
of 6 to 8 is f or 1^; and the ratio of 15 to 20 is -|f or -1; 
therefore, 6 : 8 :: 15 : 20; also, 6 : 8 :: 3 : 4. When 
you have once got an antecedent and consequent, that is, the 
two terms of a ratio, you can easily get another antecedent 
and consequent, that is, two other terms, in the same ratio ; 
and can thus form a proportion, haying the given antecedent 
and consequent for the first two terms of it: suppose, for 
instance, you had 6 and 8 for antecedent and consequent, and 
you wanted a proportion in which 6 and 8 should stand first ; 
you have only to remember, that the ratio of 6 to 8 is ex- 
pressed by the fraction |-, and that numerator and denomina- 
tor of a fraction may be multiplied or divided by any number 
you please, in order to get as many other suitable pairs of 
numbers as you choose : thus, since -Issfrr-J-I^-J^zr -Jf , 
^c, you infer at once that all the following are proportions, 
namely, 6:8 :: 3 : 4; 6 : 8 :: 12 : 16; 6 : 8 :: 30 : 40; 
12 : 16 :: 36 : 48; and so on. And whenever you have 
two fractions equal to one another, you may always convert 
the egtmlity into a proportion^ and say, the numerator of the 
first is to its denominator, as the numerator of the second to 
its denominator ; or, instead of saying numerator is to deno- 
minator, you may, if you please, say denominator is to nu- 
merator, because if two fractions are equal, the equality 
remains, though we make the numerator and denominator 
of each change places; and it is because of this, that in 
any proportion we may make the antecedent and conse- 
quent of each ratio change places : thus, since it is true, that 
d : 7 :: 9 : 21, it is also true, that 7 : 3 :: 21 : 9; and 

f2 
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sinoe 3 : 7 :: 1^ : d^, so also 7 : 3 :: 3^ : 1^; you, of 

3 li 

course, see that — = -^ since the latter fraction arises from 

7 if 

dividing numerator and denominator of the former by 2. 
From all this, it appears, that a proportion may always he 
converted into a pair of equal fractions^ and a pair of equal 
fractions into a proportion : the word fraction being here 
used in its widest sense, and applying to every quantity 
expressed in a fractional form. By thus replacing a pro- 
portion by two equal fractions, many properties of proportional 
quantities may be easily deduced; I shall here notice only 
two. Since 
first term third term fourth term second term 



or 



second term fourth term' third term first term 

. i> 11 ^1 . J. .1 . second term , , _ 

it follows that fourth term = -r x third term, 

first term 

a property which indicates to us how we are to find the 

fourth term of a proportion, when only the first, second, and 

third terms of it are given. Of these three terms, the first 

two, that is, the first antecedent and consequent, must always 

be quantities of the same Jdnd; I mean, that both of them 

must be either abstract numbers, or boUi of them concrete 

quantities, belonging to one class of quantities : if the first 

term, for instance, be money^ the second must be moneys 

if the first be time^ the second must be time; and so on. 

You must see the necessity of this from the very nature of 

ratioy as defined at the beginning of this section ; it is the 

number of times the antecedent, or first term of the ratio, 

contains the consequent, or second term ; and therefore ratio 

is always an abstract number, 

(70.) This you must be careful to bear in mind, else you 

will run the risk, in finding the fourth proportional^ as it is 

called, to three given concrete quantities, of committing an 

absurdity at every step of your work, though you may bring 

out the correct result. I have shown to you above, how the 

fourth term, or fourth proportional, may always be found in 

an unobjectionable manner; you there see that you are to 

divide the second term by the first, and to multiply the third 

term by the resulting abstract number: you will thus get 

the sought fourth term, and always in the same denomina^ 

tion as the third term. If the terms of both the equal ratios 

ftoustitutirg the proportion, or if the terms of only one of 
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these eqaal ratios, were abstract numbers, then we might 
deduce from the general property above, this other particular 
property, namely, 

first term x fonrth term ss second term X third term ; 
or, that the product of the extremei it equal to that of the 
meane ; a statement which, you see, would be absnrd, if the 
first and fourth, or the second and third, were hoth concrete 
quantities. 

(71.) If the first and second of the three given terms of a 
proportion were always abstract numbers, then, from what 
has just been shown, we could find the fourth term by mul- 
tiplying the second and third together, and dividing by the 
first, or cutting the product up into as many equal parts as 
there are units in the first term : and this would, in general, 
be an easier way of fretting at the fourth term, than by 
dividing the second tenu by the first, and then multiplying 
the third term by ^e quotient, as directed above. Now I 
wish you particularly to observe, that we may always proceed 
iu the latter easier way, even when the first and second terras 
are concrete. Yon know you cannot divide one concrete 
quantity by another, till both are brought to the same deno- 
mination: having done this, your quotient is an abstract 
number; — the very same abstract number that you would get 
if the common denomination of dividend and divisor were 
wholly disregarded, and the division performed on the ab- 
stract numbers simply. In the case, therefore, of the first 
and second terms of a proportion being concrete quantities, 
all you have to do is to reduce these quantities to the same 
denomination ; then, leaving denomination altogether out of 
consideration, to en^ploy only the resulting abstract numbers^ 
which you see may always be put instead of the quantities 
themselves: for the ratioy or quotient^ remains unaltered, 
whether the denomination (or the concrete unit) be preserved 
or suppressed. 

(72.) What is called the Rule of Three, or the Rule of 
Simple Proportion, is merely the method of finding the fourth 
tenn of a proportion when the first three are given. In most 
of the questions coming under this rule, the three given 
quantities do not occur in the order in which you would write 
them as three of the four terms of the proportion : in the 
qttestion you will usually find that the quantities which stand 
first and third must stand first and second, or second and first, 
when arranged as terms of a proportion; the following, for 
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instance, is sach a qaestion : If 3 lbs. of sugar cost 1 Q^d,^ 
what will 10 lbs. cost ? Heie, it is plain that the 3 lbs. and 
the 10 lbs. must bear the same relation to one another, that 
is, must have the same ratio, as the price of the 3 lbs. to the 
price of the 10 lbs. Hence the stating of the question, as it 
is called, would be: 3 lbs. : 10 lbs. :: IQ^d,; or, suppressing 
the common denomination, lbs., of the terms of the first ratio, 
3 : 10 :: lO^d. As the third term here is pence^ the want- 
ing fourth term, which is to complete the proportion, must 
also be pence. It is found agreeably to what is said above, 
by multiplying the IB^d. by the 10, and dividing the pro- 
duct by the 3 ; that is, it is ^ ' = 55d. The general 

rule for all questions of this kind is as follows : — 



(73.) Rule of Three, or Simple Proportion 

Rule 1. Write down the three given quantities as the first 
three terms of a proportion, taking care that the third term is 
a quantity of the same kind as the required fourth term ; and 
according as this fourth term is to be greater or less than the 
third, so let the second term be greater or less than the first. 

2. Having thus stated the question, reduce the first and 
second terms to the same denomination, if they are not 
already the same as well in denomination as in kind; and 
then, disregarding the denomination^ consider the first and 
second terms to be abstract numbers, divide them by any 
number that will obvioiuly divide both, and use the quotients 
instead; which, as they will be smaller numbers, may in 
general be more easily worked with. 

3. Multiply now the third term by the second, and divide 
the product by the first term, and the quotient will be the 
answer, or fourth term of the proportion ; and it will be in 
that denomination, whatever it be, in which the third term 
was used. 

(74.) Note 1. It may be proper here to remind you, that the 
first and second terms of a proportion may be re^rded as the 
two terms of a fraetion ; and the third and fourth terms as 
the two terms of another fraction equal to the former. It is 
by viewing an antecedent and consequent in this light, that 
we perceive our right to divide both by any number we 
please; and further, that according as the first term of a 
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proportion is greater or less than the second, so must the 
third be greater or less than the fourth. This. h.ci will be a 
sure guide to the oorreot stating of a Rule-of-Three question. 
A little attention to the question will alwajs enable you to 
see whether the fourth term you seek ought to be greater or 
less than the third, which is given ; so that you need never 
fall into the mistake of putting that term first which ought to 
be second. 

Note 2. As the fourth term or answer to the question is 
always got by multiplying the third term by the second, and 
dividing the product by the first, using the first and second 
as abstract numbers, you may regard the work as indicated 
by a Jraetian, of which the numerator is the product of the 
third term by the second, and the denominator the first term ; 
and as you may divide the numerator and denominator of a 
fraction by. any number you please, you may obviously divide 
not only the first and second, but also the first and third of 
the terms, by any number that will really simplify them ; 
and may work widi the simplified results instead of with the 
terms themselves ; but you must be careful not to take this 
liberty with the second and third terms. An example or 
two will make you familiar with the process. 

Ex. 1. If 8 articles cost £21 4«., how much will 26 cost? 

Here the fourth term of the 
proportion, that is, the answer 
to the question, must be money ; 
we therefore make money the 
third term ; and as the required . 

fourth term must evidently be 424 

greater than the third, we take 13 

care that the second term is 

greater than the first; and 1272 

therefore state the question as 424 

in the margin. We now look — 

at the first and second terms, 4)5512 

and readily see that both will 

divide by 2; we therefore re- 2^0)137v8#. 

place 8 : 26 by 4 : 13 ; and as 

£21 4#. is not easily multiplied Ans. £68 18#. 
by 13, we reduce the compound -— . 

quantity to the denomination shillings before using it; we 
then multiply the shillings thus obtained by 13, and divide 
by the 4, as the rule directs. We thus find that the fourth 
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term of the proportion, or tbe answer to the question, is 
£68 18#. ; and we make the original stating complete by 
inserting the fourth term, now found, in its proper place. 
The work would hare been a little easier if, instead of first 
multiplying by 13 and then dividing by 4, we had first 
divided by 4 and then multiplied by 13; but if, after having 
replaced 8 : 26 by 4 : 13, we had divided the first and third 
terms by 4, the work would have been easier still ; for the 
stating woold then have been 1 : 13 :: £5 6«., and we 
should have got the answer at once, by multiplying £5 6s. 
by 13, which of course is easily done; the first term being 1, 
no division is performed. 

2. If 19 cwt. of sugar cost £57, how much may be bought 
for £111? 

Here the answer must be weight ; 
we therefore put the given weight 
for the third term; and as the re- 
quired weight is greater than the 

given weight, of the other two given 

quantities we take care to put the 333 

greater second ; the stating is there* 37 

fore as in the margin : and as we ^^-. 

easily see, that instead of 57 : 111 19)703(37 cwt Aus. 

we may put 19 : 37, we accordingly 57 

use this simplification. As 19 times — ^ 

37 is the same as 37 times 19, we 133 

find the product in the former way 133 

for convenience. But you see there — - 

was not, in reality, any occasion for multiplying at all ; for 

dividing the first and third by 19, the stating becomes simply 

1 : 37 :: l cwt. : 37 cwt.; so that the answer is got at once. 

From the remarks appended to the two examples here 
solved, you cannot but perceive the advantage of a little 
preliminary examination of your stating before you begin to 
apply the rule. The work given at length in the margin is 
intended more for your avoidance than for your guidance in 
similar cases. A little thought and ingenuity on your part 
will often do more for you than all the rules of arithmetic. 

3. What is the jesalj rent of 47 ac. 3roo. 21 per. at 
£l 4«. 6d, per acre f 
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Here the mo- per. acroo. per. £. #. d. £. s. d. 

oey must be the 160:47 3 21 :: 1 4 6:58 13 1,^ 

third term, 1 80 4 12 3 

acre or 160 per. ■ 12 
the first, and 

the other quan- 40 147dL 
titj the second. 
This latter must 
be reduced to 

perches, in or- — ^-— . 

der that the first 53627 

two terms may 30644 

be of one com- 7661 

mon denomina- 

tion, the com- 8,0)112616,7 

mon denomina- 

tion (perches) 12) 14077^ 

being disre- 

garded after the 2,0) 117,3 ^d. 
reduction. Pre- 



viously, how- £ bS IZs, l-fyi. Ans. 

ever, we may ■ 

simplify the first and third terms, by taking only the half of 
each. This done, the money, for convenience of multiplica- 
tion, is reduced to pence, ana the work stands as in the mar- 
gin. The yearly rent is thus found to be £58 13#. Id. ; the 
fraction, which is only about one-third 
of a ferthing, being disregarded. days. days. 

4. If 37 workmen can complete 57 : 37 :: 241 • 156|f 
a piece of work in 241 days, in 37 

how many days would 57 men 

finish it? 1687 

As the answer is to be days, 723 

241 days must be the third term ; 

and since the greater the number 57)8917(1 56(f 

of workmen the less the time, the 57 

answer must be less than 241 ^— 

days ; therefore the first two terms 321 

must be 57 : 37 ; and the work as 285 

in the margin, the number of days 

being found to be 156ff days. 367 

342 

Fd 25 
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5. The following is an example in fractions: If l^cwL of 
lead cost 36|#. what will Sf cwt cost ? 

Here, if we multiply the first 1^ : 3f :: 36|*. : 98f{t. 
and third terms by 8, we shall 10 : 3{- :: 291«. 
get rid of the fractions in those 291 x 17 
termai and the stating will then 5 x 10*'^^^^^'^^ 
be as in the margin. The second £4 13^. lllrf. 

term, reduced to an improper 

fraction, is y ; hence, multiplying the 29 1«. by this, and 
dividing by the 10, we find the answer to be 98^. 

Exercises, 

1. If 17 lbs. cost lis. 7d.^ what will 23 lbs. cost? 

2. If 9 lbs. of tea cost £l I8s. 60?., what will 1 cwt. cost ? 

3. What is the price of six cheeses, each weighing 52f lbs., 

at 5fd. per lb. ? 

4. If 28 persons reap a harvest in 36 days, how many will 

be required to reap it in 21 days ? 

5. If a garrison of 1000 soldiers have provisions for 9 

months, how many must be dismissed in order that the 
provisions may la^st 15 months? 

6. A besieged garrison has 5 months' provisions, allowing 

12 oz. a day for each man, but finding that it must hold 
out for 9 months, how much must each man have per 
day to make the provisions last ? 

7. What must be paid for 1 cwt. 3qr. 17 lb. of wool, at 

7s, 4d. per stone of 14 lbs. ? 

8. If 1787 cwt. 2qr. of lead cost £907 10*., what is that 

per fother of 19^ cwt ? 

9. If the entire rental of a parish amount to £2500, and a 

poor-rate of £112 2s. is to be raised, what must a 
person pay whose rental is £525 ? 

10. If five-eighths of a ship be worth £525, what is the 

value of three-fourths of three-sevenths ? 

11. In a single mass, weighing 3 cwt., found in July 1851, at 

about 50 miles from Bathurst^ in Australia, there were 
discovered to be 106 lbs. of gold ; what would this fetch, 
a,i the rate of £3 Qs. Sd, per ounce ? 

12. From Sept. 29, 1850, to Sept 27, 1851, there died of 

the population of London, within the waUs of the city, 
2978 persons, giving about 23 deaths for every 1000 
persons living at the latter date : what was the amount 
of population of that part of London in Sept. 1851 ? 
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13. From 1 lb. of atandaid fold, 44^ gnineaa used to he 

eomed: how many ooTeieigiiB mie now oiNiied oat of 
Qie same wdgbt ? 

14. 1 lb. aToirdapois is beaTier than 1 lb. tioj; for 144 i>«. 

aYoirdnpois are equal to 175 lbs. troj : what is the tn> v 
weight of 1 Ibu aToirdnpMS ? 

15. The imperial gallon contains 12 lbs. 1 os. 16 dwt. 16 ^r. 

troy wdght of distilled water : bow many ponnds aroir- 
dupois does it contain f 

16. At what time between 7 and 8 o'clock are the boor and 

minute hands exactly in opposition, or in the same 
straight line ? * 

17. At what time between 5 and 6 o'clock are the boor and 

minute hands exactly together ? 

18. Eleven Irish miles are eqnal to 14 English miles: what 

is the length in English miles of a road which measures 
57 Irish miles ? 

19. A ream of paper contains 20 quires, and a quire contains 

24 sheets : what would be the cost for paper for 2500 
copies of a book containing 7f sheets, at 15#. 6dL per 
ream? 

20. The ayerage price of wheat for the year 1830 was 64s. Sd^ 

per quarter ; and for the year 1850 it was 40t. dd. : the 
sixpenny loaf in the latter year weighed 4 lb., what did 
it weigh in 1830? 

21. The shadow of a cloud was observed to move 36 yards in 

5 seconds : what was the hourly motion of the wind ? 

22. If a person pays £22 7i. 5d, for income-tax, at the rate 

of 7d. in the £, what is his income ? 

23. There are 18 dwt. of alloy in 1 lb. of standard silver; 

this 1 lb. is coined into 66 shillings : how much pure 
silver is there in 20#. ? 

24. What was the weight of the £275000 taken in silver 

coin at the doors of the Great Exhibition of 1851, in 
tons, cwts., &c. avoirdupois ? 

* Id order to work this «zercifle, the learner must remember that the 
mhmte-hand moyea 12 times as fast as the hour-hand, bo that while the 
short-hand goes oyer any space, the long-hand gaims upon it 11 times 
that space. Now, it is plain, that mider the conditions of the question, 
the gain of the long-hand will be 1 honr-spaoe, the space from XII to I ; 
and it is required to determine what advance the short-hand must make 
to allow of this gain, the space gone oyer by the short-hand beins ahcays 
to the pa»» of the long-hand as 1 to 11. By the same oonsiderations the 
next qoestioik may be easfly answered. 
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QFor additional exercises in this rule, the learner may take 
the examples already giren under the head of Practice. J 



(75.) Double Rule of Three, or Compound Proportion. 

The Double Rnle of Three is so called, because it implies, 
at least, ttpo single Rule-of-Three statings, every question 
coming under this rule being resolyable into, at least, two 
questions, each of which may be worked by the single Rule 
of Three. This will be best understood by an example. 

Suppose 6 men can mow 9 acres of grass in 4 days, how * 

many men will be required to mow 27 acres in 8 days ? 

This question may be divided into two, thus: 1st If 6 i 

men can mow 9 acres in 4 days, how many men can mow the i 

same in 3 days? Here, 3:4:: 6 men : 8 men. Conse* ; 

quently, 8 men can mow the 9 acres in 3 days. 

2nd. If 8 men can mow 9 acres in 3 days, how many will 
be required to mow 27 acres in the same time f Here, 
9 : 27 :: 8 men : 24 men. It is plain, therefore, that ihe 
answer to the question is 24 men. 

In the first of these proportions, the fourth term is got by 

dividing the third term (6 men) by the ratio 3:4; that is, 

by multiplying by the fraction -f : in the second, the fourth 

term is got by dividing what has just been found (8 men) by 

the ratio 9 : 27; that is, by multiplying by the fraction y. 

The answer to the original questiou is, therefore, obtained by 

dividing the third term in the Jirst stating by the product of 

the ratios 3 : 4 and 9 : 27, that is, by 3 X 9 : 4 X 27, or, by 

4 X 27 
multiplying by -r — --. The product of two ratios is called 

3x9 , 

their compound ratioy and this is why the Double Rnle of 

Three is called also compound proportion ; and examples in 

it are usually worked, not by working with the several ratios 

'Bi'^glyi ^ above, but by taking the compound ratio, at once. 

In this way, the stating of the above question would have 

been written as follows . 

3 • 4 ) 

^ ; 2y > :: 6 men; that is 3x9 : 4x27 :: 6 men; the 

fourth term of which proportion is — r — - — men = 4x3x2 

3x9 

= 24 men. There are sometimes more than two simple 
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ratios to be oompounded : thus, in tbe present example, it 
might bave been a condition, tbat tbe 4 days oocnpied in 
mowing tbe 9 acres were 8 bours long, and tbat tbe days 
occupied in mowing tbe 27 acres were to be 12 bours long; 
then, as tbe longer days would require fewer men, a third 
ratio would baye been 12 : 8 ; so tbat only i|^ or -f^ of 24 
men would have sufficed ; tbat is, 16 men. 

I think yon will now be prepared for tbe following general 
rule for all questions of this kind. 

RuLB 1. As in tbe Single Rule of Three, put, for tbe 
third term, that one of tbe given quantities which is of tbe 
same kind as tbe quantity sought. 

2. Then, selecting any pair of the remaining quantities, 
like in lund, complete tbe stating, just as if these three were 
the only quantities given in tbe question, disregarding all tbe 
others. 

3. In like manner, take another pair, like in kind, from 
tbe given quantities, and place them under tbe former pair, 
and so on, till all tbe pairs are used; two dots, to signify 
ratio, being put between the terms of eacb pair; and these 
terms being arranged, as to first and second, just as you 
would arrange them if they and tbe third term were tbe only 
quantities concerned, 

4. Multiply tbe third term by tbe product of all tbe con- 
sequents of these ratios, and divide tbe result by tbe product 
of all tbe antecedents : tbe quotient will be tbe answer. 

NoTB. Tbe terms of eacb of the given ratios, together 
witb tbe common third term, may be reduced, when possible, 
to smaller numbers, just as if they were the three terms of a 
simple Rule-of-Tbree stating; or the multiplications and 
divisions, implied in tbe rule, may be indicated by the signs 
for these operations ; and factors, common to multipliers and 
divisors, struck out before tbe operations are actually per- 
formed; tbe factors tbat may be struck out, will often be 
discovered, by merely inspecting tbe simple ratios as they 
stand: tbus, in the example worked above, tbe stating 

3'4) 1*4) 

9 • 27 I •• ^ * may be replaced ^7 i I o f •• 2 : ; there- 
fore, 1 : 12 :: 2 : 24. It is plain, tbat a &ctor common to 
any antecedent and a consequent, may always be struck out, 
since tbe consequents are all so many multipliers, and tbe 
antecedents so many divisors. 
Yon willy of oonne, onderatand, that what ii caUed the common third 
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term in a doable rule-of-tbree stating, is not the third term common to 
each of the single rule-of-three statings, into which the former may be 
decomposed ; although in arranging the terms of each pair of oomponeDt 
ratios, yon are guided as to whe&er the greater or the less should be 
placed first, just as if this third term were that of the corresponding 
single rule-of-three stating ; you may easily oonyince yourself that you 
can never be misled into a wrong disposal of the first two terms by thus 
consulting the third term. In the second single rule-of-three stating, the 
true third term is that which actually appears multiplied by a fraction, so 
that the troe fourth term would be the fourth term corresponding to the 
third which actually appears multiplied by the same firaction $ and it is 
plain, that according as one quantity is greater or less than another, so 
will any fraction of the former be greater or less than that fraction of the 
latter ; oonseqaentiy, in inquiring whether the third or fourth term be the 
greater, the fractional multipliers may be disregarded. 

Ex. 1. If 12 horses plongb 11 acres in 5 days, how maDy 
horses would plobgh 83 acres in 18 days? 

Here, as the answer is to 
give the number of horses^ we 
put horses for the common third 
term; and, disregarding days, 
just as we should do if the 
number of days were the same 
in both cases, we consider 

merely the acres ploughed; 1: H-.'^'-To" Aus 
and as more horses are required « - ^ r •• 
for 33 acres than for 11, the 
first ratio is 1 1 : 33. Again ; returning to the question, we 
now disregard acres, and consider only da3rs ; and as fewer 
horses are required for 18 days than for 5 days, the second 
ratio is 18 : 5 ; hence the work stands a^s in the margin. 
The common factor 11 is struck out of 11 : 33, and the 
common factor 6 out of the first and third terms, 18 and 12 ; 
and, lastly, the common &ctor 3 is struck out of the con- 
sequent in the first ratio, and the antecedent in the second : 
with these simplifications, the work is reduced merely to the 
multiplication of 2 by 5. 

You will, of course, observe that the denomination^ com- 
mon to the first and second terms of each of the given ratios, 
is wholly disregarded in the work, the abstract numbers alone 
being used. 

2. If 15 men, working 12 hours a day, reap 60 acres in 
16 days, in what time would 20 women, working 10 hours a 
day, reap 98 acres ; 7 men being able to do as much work as 
8 women in the same time ? 
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As the answer here is to be days, we put the given number 
of days for our third term ; then 
regarding the nnmber of workers 20 : 151 i i 
only, just as if &U the other con- 10 : 12 I , - J\ 9«x4 
ditions were the same, our first 60 : 98 | " ** * ^^ 
ratio is 20 : 15, because 20 workers 7 : 8 J 
is to 15 workers as 16 days to a 15x 12x98x8x16 
less nnmber of days ; next con- 20x10x60x7 ~ 
sidering only the nnmber of hours, 3x7x16 
as if these alone varied, the second — 5x5 — ~^^^^' ^7^- 
ratio is 10 : 12, as there must be Ans. 
a greater number of 10-hour days than of 12 -hour days, and 
our answer is to be in 10-hour dajrs. Again, taking the acres 
only into account, the next ratio is 60 : 98 ; and, lastly, the 
ratio of a man's time of doing any amount of work to a 
woman's is 7:8. Hence the complete stating is as in the 
margin. The factor 15, as also the factor 4 in the 12, may 
be struck out from the numerator, and at the same time the 
factor 60 from the denominator. Again the factor 7 may be 
struck out from 98 in the numerator, and the same factor 
suppressed in the denominator ; we shall thus have the re- 
duced form, — — : . Lastly, striking out the factor 

20x10 ^ * 

4 from the 8 and the 20, and the factor 2 from the 14 and 
the 10, we have finally the fraction -£2iIiiI5=: 2 6|f. It 

usually occupies less space to work our way to the final result 
in this manner, than to reach it by successive simplifications 
of the original stating, as in Ex. 1. That example treated in 

this way, would £:ive at first the fraction : which, 

■^ ^ 11x18 

by striking out common factors, becomes simply 5x2 or 10. 

JSa^ercises, 

1. If 14 horses eat 56 bushels of oats in 16 days, how many 

horses will 120 bushels keep for 24 daysf 

2. If a person walking 12 hours a day travel 250 miles in 

9 days, in how many days of 10 hours each could he 
walk 400 miles, at the same rate ? 

3. If 12«. be paid for the carriage of 2 cwt. 3 qr, 192 miles, 

how much should be paid for the carriage of 8 cwt. 1 qr« 
128 miles? 
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4. If 3000 copies of a book of 11 sheets reqaire 6G reams 

of paper, how much paper will be required for 5000 
copies of a book of 12^ sheets ? 

5. If 24 men can finish a piece of work in 36 days of 12 

hours each, in what time can 30 men do it when the 
working days are only 8 hours long ? 

6. If 939 soldiers consume 351 quarters of wheat in 168 

days, how long will 1404 quarters last 11268 soldiers ? 
''. If the sixpenny loaf weigh 32 oz. 8 dwt when wheat is 
60s. per quarter, what dbould the eightpenny loaf weigh 
when wheat is 54«. per quarter ? 

8. If a family of 13 persons spend £64 in butchers meat, 

in 8 months, when meat is 6^. per lb., how much money, 
at the same rate, should a family of 12 persons spend in 
9 months, when meat is 6^. per lb. ? 

9. If the rent of a farm of 13 ac. 1 roo. 11^ per. be £50 

8s, 9<2., what should be the rent of another in the 
neighbourhood, containing 8 ac. 3 roo. 22 per., if 6 
acres of the latter be worth 7 of the former ? 
10. If £7 10«. be the wages of 15 men, who work 10 hours 
a day for 6 days, what ought to be the wages of 12 
men who work 9 hours a day for 18^ days? 



(76.) DECIMALS. 

I HATE already explained, at the commencement of this 
rudimentary treatise, that our notation for integers, or whole 
numbers, is the decimal notation, inasmuch as the value of 
any figure of a number is ten times as much as it would be if 
that figure were removed one place to the right, so that in 
writing the figures of a number in the usual way, from lefib to 
right, every figure we put down is, in value, only the tenth 
part of what it would be, if it were one place less in advance. 
iN^ow, the whole number becomes completed as soon as we 
reach in this way the place of units ; but there is no reason 
why the decimal notation should not be extended to the right 
beyond the place of units, still considering the value of each 
figure we write down, to be only the tenth part of what it 
would have been, if written in the immediately preceding 
place. In this way, the first figure vmtten after units^ 
would be tenths; the next figure, hundredths; the next, 
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thouiandthi; and so on: and, to prerent confasion, we 
should only haFO to put some mark of separation between 
the uniU and these fractumal part$. This extension of the 
decimal notation is what we now hare to consider. The 
mark employed to separate the decimal inte^erw from the 
decimal Jr action* is simply a dot: thus, 234*625, means 234, 
with 6 Unth9^ 2 hundredth*^ and 5 tAotuandthi ; it is there- 
fore the same as 234+ -^-f -j^+yi/^. flach figure to the 
right of the deamal paint is thus a fraction of known deno- 
minator, although that denominator does not appear; and 
such fractions are properly called decimal fractions^ on*^ 
account of the regular ten-fold increase of the denominators : 
for breyityy howoFer, they are usually called simply decimali. 
This extension of the decimal notation is so natural and 
obvious, that yon can have no difficulty in understanding it ; 
and as soon as an example of it is placed before yon, you can 
as readily pronounce upon the vcUue of a figure to the right 
of the decimal point, as you can pronounce upon the value of 
a figure to the left: the place next to unit^ on the lefiy is 
tens; the place next to units, on the ri^hty is tenths; the 
place next to tens^ on the left, is hundreds; the place next 
to tenths^ on the right, is hundredths; and so on ; thus, in 
the mixed number, 1234*5678, you could as readily tell the 
value of the 6 as of the 2, each of which is in a third place, 
the 4 being in the first, or units place : the value of the 2 is 
200, or 2 hundreds; the value of the 6. is y^ or 6 A»n- 
dredths : in like manner, the yalue of the 3 is 30, or 3 tens^ 
and of the 5, -J^ or 5 tenths; the value of the 1 is 1000 ; 
»nd of the 7, n^; and, lastly, the value of the 8 is -nr^ir- 
It is very convenient to be able to express, in this way, 
decimal fractions without the incumbrance of denominators ; 
and the more so, since, as you will presently see, all fractions 
may be converted into decimal fractions. From what has 
just been said, you see, that in order to express a decimal as 
a common fraction (sometimes called a vulvar fraction), you 
have only to write the figures of the decimal for numerator, 
and for denominator, to put 1, followed by as many zeros 
as will mark the place of the last decimal figure from the 
decimal point : thus, in the instance before given, it was seen, 
that -625 = ^4-^-1-^,^ which is obviously ^^ftfiy, the 
three zeros corresponding to the third place of the last decimal 
figure, 5. In Hke manner, *2438 = ^+,^+^^^4.^^^^ 
= T^Mfe; -0342 = T^+y,^+y„^^ = 3^*«^; -0036 = 
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nftny + logoo = loVoo 5 »°d «<> 0° J ^^^o number of zero* 
being always equal to the number of decimal places. Therd 
is one thing here that will no doubt occur to jou ; it is this ; 
that although zeros immediately after the decimal point, that 
is, hefor^ the figures, materially affect the value of those 
figures ; yet, that zeros afUr them, have no effect at all, and 
arc quite useless : thus, 234*625 is the same as 234*625000, 
&c. ; and *0036 is the same as *0036000, &c. ; zeros inter- 
mediate between decimal figures, have, of course, the effect of 
pushing the figures which follow them, lower down in the 

scale : thus, -62 is A+yfc* ^«t '602 is A+tAit = ^fiftr> 
and -6002 is ^^.^rs^^ = ,^ft^. 

(770 '^^^ removal of the decimal point one place to the 
right, is equivalent to multiplying the decimal by 10; the 
removal of it two places to the right, is equivalent to mul- 
tiplying the decimal by 100; and so on: thus, *2438 x 10 s 
2*438, where each figure is 10 times what it was before; 
•2438 X 100 = 24-38 ; *2438 X 1000 = 243*8, &c : and the 
removal of the point in the other direction, is equivalent to 
dividing the decimal by 10, 100, &c. : thus, *2438-f-10 = 
*02438 ; -2438 -r- 100 = -002438 ; 243*8 -f- 100 = 2*438, 
&c. &c. All this is plain from the very notation of decimals. 

(78.) I shall now give you an example or two of con- 
verting decimals into fractions: 1. 17-5 s= -17^ r= 17-|-. 
2. 21*25 = 21Vyt = 21i. 3. 146*75 = 146,^^ = Uaj: 
you thus see, that ^^ -^, -I, expressed in decimals, are *5, *2J, 
*75. 4. 6*14 X 10 = 61*4 = 61^^^ = 61*. 5. 3-135 x 100 

= 313*5 = 313*. 6. 2*76-M00 = *0276=^r*4*Tr = TS*7r- 
It is further obvious, from the principles of the decimal 
notation, that when that notation is exchanged for the frac- 
tional, as in these examples, by writing the decimals without 
the point, and putting underneath, for denominator, unity, 
followed by as many zeros as there are decimal places, we 
may prefix to the numerator whatever whole number may 
have preceded the decimal : thus, 146*75 = 146^,^ = *fgi* ; 

17*5 = ^ ; 21*25 = ViW » 326*047 = ^HU^ > ^^^ ^ ^^' 
This is evidently only the same as reducing a mixed number 
to an improper naction. 

In writing decimals, you must be careful to put the decimal 
point against the upper part of the figures, not against the lower. 
When figures are separated by a point even with the lower 
part of the figures, the multiplication of the figures separated 
is understoo<C the point in that position standing in the place 
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of the sign x: thus, 3.7 is the same as 3x7, or 21, while 
'3*7, is 3 and 7 tentkt ; or, as it is usually read, 3 decimal 7» 
or 3 f(Ant 7 : in like manner, 24.36, means 24 X 36, while 
24*36, is 24 decimeU 36, or 24 point 36 ; that is, 24 and 
36 hundredths^ and so on. It is necessary that you should 
keep in mind this new sign for multiplication, as it is very 
frequently used; so that, whenever you meet with such 
an expression as 2.3.7.4, you may know that it means 
2x3x7x4. There is another useful little sign of ahhrevia- 
tion, which it is high time you should be made acquainted 
with : it is the sign .*. , which is the mark, not for an opera- 
tion^ but for a teord — ^the word therefore (or, contequently\ 
— a word of such frequent occurrence, in numerical inquiries, 
as to render a short sign for it very acceptable. Henceforth, 
I shall use this sign .*. for therefore^ rather than intn>duce 
the vsord in the midst of arithmetical work. 



(79.) To reduce a Common Fraction to a Decimal. 

Rule 1. Annex a zero to the numerator, which then take 
for a dividend, the denominator being the divisor: if the 
dividend be sufficiently large, find the first figure of the quo- 
tient ; but if it be too small to give a significant first figure, 
put zero for the first figure, and annex another zero to the 
dividend ; if this be still too small, put a second zero in the 
quotient, and annex another zero to the dividend ; and so on, 
till the dividend be large enough to give a significant figure 
in the quotient. 

2. If there be a remainder, conceive another zero to be 
annexed ; and continue the division, still annexing a zero to 
every remainder, till the work terminates of itself^ or till the 
quotient has been carried to as many places as may be re- 
quired : this quotient, with the decinial point before it, will 
bo the value of the proposed fraction in decimals. 

NoTB. It will be enough if we imagine the seres to be annexed as above, 
without actually inserting them. Should the division not terminate of 
itself, but admit of being carried on to any extent, then, at whatever point 
we stop the work, an unused remainder will be left ; so that the decimal 
quotient wUl not, in strictness, be the complete value of the fi:ttction ; but 
the process may always be extended so far as to render the correction of 
the quotienc too minute to be worth notice. It may indeed be made to 
become as small as we please. If the fraction be an improper fraction, 
the quotient will of course be partly integral and partly decimal, the 
decimal point occurring as soon as we begin to add zeros. 
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Ex. 1. Reduce | to a decimal. 8)7000 . , _ ^^. 

2. The value of V is 12-8. -875 "" * " * 

3. In like manner, y = 1*875, and 8o on. 

4. Reduce -^^ to a decimal. 

From the operation in the margin, 256} 1500 ('05859375 
it appears that 150 is too small to 1280 

give a significant figure, so that the 

first figure of the quotient is 0. We 2200 

see also that the remainders become 2048 

exhausted only after eight decimal 

places are obtained in the quotient: the 1520 
value of the proposed fraction, which 1280 

might have been got by short division, is 

therefore, accurately, '05859375. 2400 

(80.) The value of the last decimal is 2304 

so small a part of unity, namely, the part — 

1000800001 as to be in most practical 960 

matters quite unworthy of consideration ; 768 

we might therefore have stopped the pro- 

cess before arriving at this place, without 1 920 

troubling ourselves to see whether the 1792 

work would spontaneously terminate or 

not. When an end is in this manner put 1 280 

to the operation, it is customary and 1280 

proper to notice what the next figure 

would he if another step in it were to be 
made. Should this next figure prove to be a 5, or a figure 
still greater, then the figure at which we stop is increased by 
1, because by so doing we secure the greatest possible ac- 
curacy for our result, as far as the operation has been carried. 
Thus, if we had stopped at the 7, in the present instance, we 
should have changed the 7 into 8, foreseeing, as we might, 
that the next figure would be 5, and knowing that if this 5 
had been brought out, a 5 added to it would have converted 
the 7 into 8, while a 5 taken away from it, — that is, the 
suppression of the 5, would have left the 7 as it is. The 
error of adding a 5 or taking it away is, of course, the same ; 
only in the one case it is an error in excess, and in the other 
case an error in defect. So far as accuracy, or the nearest 
approach to die truth, is concerned, it is here matter of in- 
difference which plan we adopt ; but it seldom happens that 
the work terminates at the figure next to that at which we 
stop ; more figures would in general follow ; so that the pi u- 
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lability is, that bj increasing our last fignre bj unit, when 
we foresee that the next figure that would arise is a 5, our 
error in excess is le$9 than our error in defect would be if we 
were to suppress this 5, and all the following figures with it, 
and leave our last figure unaltered. When the next figure is 
greater than 5, the propriety of the alteration is obvious ; so 
that by increasing the figure at which we stop by I, whenever 
the next figure is foreseen to be 5 or greater, we ^^erally 
attain a closer approach to the truth than we should do by 
leaving our last figure unaltered, and ean never be farther 
from the truth. If the preceding result had been restricted 
to six places of decimals, it would have been *058594 ; if it 
bad been restricted to five places it would have been '05859 ; 
if to four places, *0586 ; and so on. And such is always the 
plan whenever superfluous decimals are suppressed. You 
will have to observe it in working the examples below. 

(81.) The reason of the operation just performed is easily 
explained : the fraction -^ is equal to aV^WoWoVo > ^^^^ '^^ 
dividing numerator and denominator by 256, it is equal to 
i88888i8o> which, in the decimal notation, is '05859375 ; 
thus the equivalent decimal is obtained by dividing the 15, 
with the requisite number of zeros annexed, by the 256. 
And a similar explanation applies to every case. 

JEaereitei. 
Reduce to decimals the following fractions, namely, 
1. A- . 2. A- 3. tVj- 4. -A^ 

9. toff 10. fof^. 11. tofif 12. loffofe. 



(82.) Addition and Subtraction of Decimals, 

Very little need be said as to the addition and subtraction 
of numbers involving decimals. Just as in integers, we must 
be careful in these operations to place units under units, tens 
under tens, and so on ; so here we must, in addition to this, 
be also careful to place tenths under tenths, hundredths under 
hundredths, and so on : that is, we must keep the decimal 
points all in the same vertical line or column, as in the 
exami^eff following. 
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Addition, 



23-462 

7-38 
26-151 
53-84 
76 

2-3584 

189-1914 



•3258 
4-70234 
15-1602 

-0043 
37-10021 
18 

75-29285 



ARITHMETIC. 

Suhtraetion. 

683-2031 -826542 
479-8627 



203-3404 

2-06853 
1-72946 

•33907 



•71836538 

•10817662 

1-4310063 
1*3648163 

•06619 



JEfxercises^ 

1. Find the value of 27-62 + -358 4-1 7-3 +61+ '007+ 173-1. 

2. 5862-93 + 38-041 +1-01 + 176-4 + -0004 + 26504. 

3. 38502 + 18-176— 703— 11-11 — 21-625+5-328 + -061. 

4. 1-0628 + 123-51— 26-04 + 13—18-261 + 12-403--082 

5. -623 + -0042 + -79— -31— -002 + -11 + -08— -0003. 

6. 246 + 187-5-613-19-148-7-03-104-6+-e018. 



(83.) Multiplication. 

Rule. Place the multiplier under the multiplicand, re- 
gardless of the decimal points, and proceed as you would with 
integers. Haying thus got the product, mart off from it as 
many decimal places as there are decimal places in both the 
factors together, and the correct product will be obtained. 
If the product terminate in zeros, these need not be inserted, 
but they must be taken into account in pointing off the 
decimal places ; and if there dhould happen to be fewer figures 
in the product than there are decimals in the factors, zeros 
must be prefixed to the product to make up the deficiency ; 
and the decimal point is to be placed before them. 

Ex. 1. Multiply 325-201 by 2-43. 

Here the product, disregarding the decimal 
points, being found, as in the margin, ^t^ figures 
of it are to be pointed off as decimals, because the 
number of decimals in both ffustors amounts to 
five. 

From looking at the foot-note in next page, ■ 

you will see that the work may be abridged, by 790*23843 
simply multiplying the first partial product by 8. — — — 



325-201 
2-43 

975603 
1300804 
650402 
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2479590 
1653060 
1239795 



2. Mdiiplj 4132*65 by 346. 4132-65 
Here, proceeding as in the margin, the ier- 846 

minating zero of Ae product is suppressed as 
useless ; but as five decimals are to be pointed 
off, of which one has already been removed, we 
point off but four. 

The work of the next example following may — >— 
be shortened by multiplying the first partial pro- 1429'8969 
duct by 3, as explained in the foot-note below. 

3. Multiply -217 and -0431 together. 
Here the product consists of but five figures, 

while there are seven decimals in the fcictors ; 
therefore two zeros must be prefixed, and the 
decimal point place<l before them. To show 
the correctness of the operation, it will be 
sufficient to examine what is done in an ex- 
ample. Thus, the ^Mtors in Ex. 1 are 325^^^ 
and 2-^; that is, they are '-HJ** and f^; 

*!. A ^ f *i, • 325201X 243 ,, ^ . ^, 

the product of tpese is — — ; the five zeros m the 

denominator implying that when the mnltiplication in the 
numerator is per^rmed* Jive places must be pointed off for 
decimals. And it is plain, that in all cases by treating the 
factors in this way, the divisor will be 1, with as many zeros 
as there are decimal places in both fiactors. 



•0431 
•217 

3017 
431 
862 

•0093527 



ExercUes. 



1. 32-605 X 6-417. 

2. 183-52 X -734. 

3. 43-92x2600. 

4. -038 X -072. 

5. -0037 X -00021. 

6. 2-46 X -321 X -07, 

7. 1-73 X -032 X -0105. 



8. 24000 X -0016 X -35. 

9. 2-016 X 3-004 X -0756. 

10. 273-4 X -036 X -004. 

11. 21000 X 1-02 X -0268. 

12. 1-4X-04X-4X-004. 

13. 71-380164x2-7354.* 

14. 138-6147 X 5-2575 X -03. 



(84.) COXTRACTED MULTIPLICATION. 

I have now to introduce to your notice some considerations 
of especial importance in the multiplication of decimab, to 

* It may not be amiss to point oat to the learner here, that whenever 
a multiplier has figures side by side, wbinh, when taken by themselTes, 
form a number that is a multiple of some other figure, or of a number 
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which I must urge your particular attention, because although 
coinmonlj adverted to in books on Arithmetic, they are 
usually presented in a way very much calculated to mislead. 
I haye already told you, that decimals are frequently — far 
more frequently than otherwise— giren in an incomplete form, 
because the complete form would often require an interminable 
extent of figures. I hare told you (page 116), that it is cus- 
tomary, in such cases, to write down only a limited number 
of decimals, and to compensate for the figures omitted, by 
adding a unit to the final figure we retain, whenever the row 
of omitted figures commences with 5, or a figure greater than 
5 ; but to make no compensation when this commencing 
figure is less than 5. In the comparatively few cases that 
may occur, in which the decimals we work with are really 
complete^ we may multiply such decimals together, as above, 
and maj be sure that our products are correct in every 
figure : but in the great majority of instances actually pre- 
sented to us in practice, the decimals are curtailed, as just 
noticed; and, consequently, the last figure of every such 
decimal is not strictly correct : the error may be to the extent 
of half a unit in the place that last figure occupies. 

The last figure of our multiplier being thus, in general, 
incorrect, it is plain, that the entire row of figures produced 
from it must be incorrect; or, at least, except under very 
favourable circumstances, that is, except when the error in 
our multiplier is very minute, the whole row, after one or 
two of the leading figures of it, must be incorrect. 

In like manner, the final figure of our multiplicand being 
erroneous, in multiplying it by the successive figures of our 
multiplier, the products which arise from it must need cor- 
rection; so that when all the partial multiplications are 
executed, and we proceed to add up, we must feel that, for 

formed by any of the adjacent figures, as in the present example, the work 
may be abbreviated into a sort of short multiplication, thus : — 
71 *380164 
2-7354 

214140492 s= the product by 3, or 300. 
1927264428 = the foregoing prod, by 9, for the 27, or 27000. 
3854528856 »= the last product by 2, for the 54. 

195 -2533006056 ass the complete product. 

Tbe work of Examples 9 and 14 may be abridged in the same way. 
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27-14986 
92-41035 



1 


3574930 


8 


144958 


271 


4986 


10859 


944 


54299 


72 


2443487 


4 


2508-928 


065051 



teyeral steps of this addition, we are reallj adding up wrong 
figures ; and, consequently, that, as far 
as the influence of these reaches, oni 
final product must be erroneous. I will 
give von an example. Suppose we have 
to m'ultiply 27*14986 by 92-41035; 
and suppose, moreover, that these deci- 
mals had resulted from curtailing others 
of greater extent; as, for instance, 
27-149855213, &c., and 92-41034604, 
&c. : we should obtain the product of 
our proposed factors, as in the margin : 
but if, instead of five places of decimals 
in our Actors, we had taken six, we 
should have had 

27-149855x92-410346 = 2508-927149439983. 

It is very plain, therefore, that the small error introduced 
into the fifth decimal of the factors, employed in the margin, 
has sufficient influence on the product, to render all the deci- 
mals of it, after the first three, widely erroneous. Even the 
third decimal difl*er8 by a unit from the more correct product 
above ; but this latter is itself not strictly accurate, because 
advanced decimals have still been omitted in the factors : if 
the 213, &c., had been included in our multiplicand, all the 
decimals, beyond the vertical line, that is, beyond the 7, 
would have been affected ; so that the 4, at present next to 
the 7, would have been a 5 : we may conclude, therefore, 
that the product found in the margin is true, to the nearest 
unit, as far as three places of decimals; but that all the 
figures beyond these three should be expunged, as necessarily 
erroneous. In most books of Arithmetic, you are told, that 
these advanced decimals should be omitted, because they are 
9uperfliu>u9^ giving to the result a degree of minute accuracy 
not usually requisite in practical matters : but you Eee, from 
what is here shown, that they should be omitted, because no 
confidence can be placed in them, because, in fact, they are 
all wrong, and are no more worthy of being retained in our 
result than any row of figures written down at random in 
their place. 

(85.) The practical conclusion you are to draw from what 
has now been said is this: when yon multiply two factors 
together, the decimals in which have been curtailed, as here 
supposed, in adding up the partial products, disregard the 
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Bums of all the columns np to that colamD, inclusive, in 
which the final figure of the last partial product is placed, 
and retain only ike decimals furnished foy the remaining 
columns. The last of the decimals thus retained should be 
increased by unit, if the first of the dismissed figures be a 5, 
or a greater number. In the marginal work above, a vertical 
line is drawn, cutting off the columns, of which the sums 
contribute nothing but inaccuracy to the result. It will, of 
course, occur to you, that it would save much waste labour 
if we could be spared the work of these inaccurate columns ; 
and you will be glad to find that this may be done by a very 
simple contrivance. It was easy to foresee, before com- 
mencing the operation above, that seven decimals would have 
to be suppressed in the result; and, therefore, that three 
decimals only were to be retained : our object, then, wonld 
be to limit our operation to just so much work as would be 
necessary to furnish us with these three decimals ; but as it is 
desirable that we should know what the fourth decimal 
would be, in order that the third may be as correct as we can 
make it ; that is, in order that the third may be increased by 
a unit, should the fourth be a high figure, we ought to be 
able to get /our decimals in our result, and then to limit it 
to three, which may be presumed to be correct in the last 
figure to the nearest unit: we have, therefore, to multiply 
27-14986 by 92*41035, so as to give only /our places of 
decimals in the product : this is done as follows : 
place the units figure of the multiplier under 27*14986 
i\ie /ourth decimal of the multiplicand, and then 5301429 

write all the other figures of the multiplier, so «— 

as that the entire row may be reversed: then, 24434874 
in proceeding with this inverted multiplier, ob> 542997 

serve the following caution : reject all the figures 108599 

of the multiplicand which lie to the riffht of the 2715 

figure by which you multiply, carrying, how- 81 

ever, from these rejected figures, whatever would 14 

have been carried if they had been retained ; and 

write the ^rst /igure you get, in each partial 2508*928 
product, in the same vertical line^ as in the -^^— ^— 
margin, and you will thus find the product, 
2508 928, true to three places of decimals. The figure in 
the units place of the given multiplier being 2, this 2 is first 
put under the /ourth decimal figure of the multiplicand ; after 
which the inverted multiplier is completed, and the work 
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carried on a^;reeably to the preceding directions. By com- 
paring it with the more lengthy operation before given, yoa 
will see that the partial products, as far as they are required, 
arise in reverse order, and are correct, as far as they go, to 
the nearest unit: you will, of course, observe, that, in the 
carryxngM from the rejected figures of the multiplicand, the 
uniform principle of compensating for a rejected 5, or greater 
figure, by adding a unit to the figure on the left of it, is to 
be attended to, and applied: thus, in multiplying by the 1, 
the product, arising from the 9 in the multiplicand, on the 
right, is rejected, but a compensating 1 is carried to the next 
product ; that is, we say, once 4 is 4, and 1 carried makes 5. 
In like manner, when we reach the last figure, 5, we say, 
5 times 7 are 35 ; carry 4 : 5 times 2 are 10, and 4 are 14. 

This example, with the explanations that have accompanied 
it, will sufficiently prepare you for the following rule. 

(86.) To find the Product of Tteo Factors^ containing 
Decimcdsy to a propo$ed Number of Placee, 

Rule 1. Count, from the decimal point in the multipli- 
cand, as many decimals, annexing zeros if the decimals are 
too few, as you wish to secure decimal places in the product. 

2. Under the last of these, put the unit-figure of the muU 
tipliery or a zero, if there be no unit-figure, and then intro- 
duce all the other figures of it, so that the entire multiplier 
may appear with its figures in reverse order. 

8, Multiply by the several figures of this reversed mul- 
tiplier, neglecting, however, all those in the multiplicand to 
the right of the figure you are using, but, at the same time, 
carrying what would be carried, if nothing were n^lected, 
and, moreover, carrying an additional unit, if 5 or a greater 
.figure be rejected from the product. 

4. Let each terminating figure of the partial products thus 
found, be in one vertical column ; the first column to be 
summed up in the addition process : then, when this process 
is completed, yon will have the product required, the decimal 
point being so placed, as to mark off the proposed number of 
decimals. 

(87.) When the decimals in each of your fiictors are strictly 
true to the last figure, and your product is to be applied to a 
purpose, for which so many exact decimals as would make up 
the number in both the iactors are not necessary, you may, 
by this rule, limit the number brought out to as few as you 

C2 
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please. It is, therefore, matter of choice with yoa, whether, 
ill such a case as this, you take the trouble to work your 
example in full, and thus give to your result a needless 
degree of minute accuracy, or content yourself with only the 
amount of accuracy really wanted ; and use, for this end, the 
contracted method : but remember, you have no choice when 
the decimals in your fiictors are not thus each of them com^ 
plete and accurate in the final figure ; yon must then use the 
contracted method, not to dispense with needless accura-cy, as 
above, but in order to preclude absolute error. In this case, 
you should count all the figures of that factor which contains 
the greater number, and so many figures of the uncontracted 
product, cut off from the right hand, should be expunged, 
not as merely useless^ but as erroneous. You must, there- 
fore, so apply the preceding rule, as to exclude, from the 
product, just this number of figures. Note, If one of the 
factors be quite correct, then only so many figures as this 
contains are to be rejected. 

The following examples will sufficiently illustrate the 
application of the rule. 

1. Multiply 348-8414 by 51*30742, so as to 
preserve only four decimals in the product. 

Here, reversing the multiplier, after having 
taken care to put the 1 in the multiplier, under 
the fourth decimal of the multiplicand, we see, 
that a vacant place occurs in the multiplicand 
over the final figure 5 of the reversed mul- 
tiplier : we therefore supply this vacant place, 
by putting in it a 0, and then multiply, as in 
the margin. The result may be considered as 
correct, as &r as it goes, provided the factors 
producing it, have no error in their last deci- 
mals ; but, if we ore not assured of this, then 
we cannot depend upon more than the first two 
decimals, for since tbe complete product would 
have nine decimals, and that each factor has 
geeen figures, 9— 7 ^ 2, expresses the greatest 
number of decimal places in the product that 
can be relied upon, with any confidence. The 
work would, therefore, be as here annexed : the 
1 in the multiplier being now placed under the 
second decimal of the multiplicand. As the 2 
in the multiplier lias no figure above it, the 
product by this 2 iS| of course, 0, but as the 



348 84140 
2470315 

174420700 

3488414 

1046524 

24419 

1395 

70 

17898-1522 

348*8414 
24703150 

1744207 

34884 

10465 

244 

14 

1 

17898*15 
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prodaot of the preceding 3 by the 2 is so great as 6, we carry 
1 on that account) and the insertion of this 1 completes the 
multiplications. 

2. Find the product of '339377 and 325, to as many 
places of decimals as can be depended upon. 

Here, as the multiplier, which is without error, *339377 
has three figures, and as there are six decimals 5230 

in the feictors, only three decimals are to be 

preserved in the product, which is, therefore, 101813 
110*297. If we had computed to four places of 6787 

decimals, we should have got 110'2975. As 1697 

already noticed, we may always compute to 



one place more than the number of places to 110*297 
be preserved, and may increase the last of the 



preserved figures by unit, if the additional fi^re be so great 
as 5 : in the present case, 110*297 and 110*298, may be con- 
sidered to be about equally correct. 

Exerciiei. 

1. Multiply 480*14936 by 2*72416, and retain in the pro- 

duct only four decimals. 

2. Multiply 15*917127 by 30*31667, retaining as many 

decimals as may safely be depended upon. 

3. Multiply 1*7958563 by 30*31667, to four places of de- 

cimals. 

4. Multiply '62311052 by 170, to six places of decimals, 

which is one more than can be strictly dejiended upon. 

5. Multiply 1*628894 by 214*87, retaining no decimals that 

cannot be relied on. 

6. Multiply 81*4632 by 7*24651, retaining only three de- 

cimals. 

7. Multiply 3*7719214 by -4471618, retaining all the de- 

cimals to be depended upon, namely, six. 

8. Multiply -053407 by *047126, retaining U thp decimals 

that are likely to be correct. 

9. Multiply 325*701428 by *7218393, preserving only three 

decimals in the product. 
10. Multiply *63942, &c. by "53217, &c. 

NoTS. It is proper to state here, that from oar ignoranoe of the trae 
value of the decimals suppressed in our factors, and compensated for by a 
modification of the last decimal that is retained, and from the like modi- 
fication of the last decimal in certain of our partial products, we cannot 
always be quite sure that the last decimal in our contracted product is 
inv«nably trae to the nearest unit. It may in unfayourable cases err to the 
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extent of a mut ; but it may generally be relied on as the true product to 
within this amount of error. An error to the extent of two units in the 
last figure is highly improbable. In thus speaking of the occasional de 
partnre firom strict accuracy in the final decimal of our contracted pro- 
ductf it is to be understood, that the accuracy adverted to is that which 
the result would have if the suppressed decimals in the factors were 
restored. If it be of consequence, in any particular caknlation in which 
we may be engaged, that the final decimal preserved in the product 
should be stricdy correct, the safest way will be to compute, by the 
contracted method, to one or two decimals beyond those which are to be 
preserved, and then to dismiss them from the product. Many important 
money calculations are performed by decimals ; and it is necessary that 
the computer should be cautioned against the very prevalent mbtake of 
supposing that his accuracy is increased as he increases the number of the 
retained decimals. The contractions in this article are recommended, not 
on the loore of brevity, but with a view to the securing of strict truthful- 
ness as far aa it is attainable. An error of a unit in the second decimal of 
a result expressing poundi is only about 2id, : a like error in the third 
decimal is less than one farthing. In any inquiry in which it is of con- 
sequence to secure accuracy in the decimals or integers of a product, 
beyond the places furnished by eontracted multiplication, we may pro- 
nounce such accuracy to be unattainable, till our fiictors, erring as they 
do in the final decimal, be rendered more correct by the insertion of 
additional places. It is most remarkable, that in many of tlie modem 
books on arithmetic, in extensive use in instruction, not a word is said 
about contracted multiplication and division of decimals ; the time and 
labour of the learner is occupied in working out long strings of figures, 
which the authors ought to know are all worthless, because all wrong ; 
and what is worse, the pupil is all the while under the delusion that this 
useless labour ia essential to the accuracy of his result. 



(88.) DiTisioN OF Decimals. 

Rule I. If the diyisor and diFidend have not the same 
number of decimals, annex zeros to make the number of 
decimal places equal. 

2. Imagine the decimal points to be suppressed, and pro- 
ceed as in division of integers, only with this difference, 
namely, if the dirisor be greater than the dividend, annex a 
zero to the dividend : if the divisor be still the greater, put 
zero for the first figure of the quotient, and annex another to 
the dividend ; Mid so on, putting a zero in the quotient for 
every zero annexed to the dividend, after the first. 

3. Having thus made the dividend sufficiently great (dis- 
regarding the decimal points) to contain the divisor, carry on 
the work as with whole numbers, annexing a zero to every 
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reminder that arises after the figures of the dividend have 
been brought down, till as many decimals as are wanted are 
obtained in the quotient, or till the operation ends of itself. 
The number of zeros, employed in this latter way, together 
with whatever zeros the quotient may have commenced witli, 
will be the same as the number of decimal places to be • 
pointed off in the quotient. Or you may count all the 
decimals used in the dividend, including, of course, every 
zero annexed to a remainder: the difference between this 
number of decimals and the number of decimals in the given 
divisor will be the number of decimals in the quotient. 

Note. You will often find this latter to be the most con- 
venient way of finding the places to be pointed off in the 
quotient, as you may then dispense with adding zeros to the 
divisor when it has fewer decimals than the dividend. 

Ex. 1. Divide 721-17562 by 2-257432. 

Here the operation in 

2-257432)721-17562(319-467, Sec. 
6772296 



the margin has been car- 
ried on till nine decimal 
places of the dividend 
have been used, namely, 
the five decimal figures 
originally given, and four 
zeros besides. And since 
there are six decimal 
places in the divisor, 
three places must be 
pointed off in the quo- 
tient, agreeably to the 
note above. Ii we had 
proceeded strictly by the 
rule, and had written the 
dividend 721-175620, iijL 
order to make the num- 
ber of decimal places the 
same as in the divisor, 
we might have intro- 



4394602 
2257432 

21371700 
20316888 

10548120 
9029728 

15183920 
13544592 

1 6393280 
15802024 



591256 
&c. 
duoed the decimal point in the quotient as soon as the divi- 
dend thus written had been exhausted ; that is« as soon as the 
third figure 9 was found* 
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8275000)5-7140000(-0006905 
49650 



74900 
74495 



42500 
41375 

1125 



2. Divide 5714 by 8275. 
Her^, it is easy to see 

that the quotient will com- 
mence with zero ; therefore 
aiinexing three zero deci- 
mals to the divisor, since 
there are three decimal 
places in the dividend, and 
imagining the decimal 
points removed, we pro- 
ceed by the rule, as in the 
margin, adding four zeros 
to the dividend, in order to make it large enough for the 
divisor, and consequently putting three zeros in the quotient. 
It is usual, however, to omit the zeros in divisor and divi- 
dend, and to proceed as if they were inserted ; or, having no 
regard to the terminating zeros in the divisor at all, to per- 
form the work agreeably to the note, leaving a gap at the 
beginning of the quotient, if a zero is foreseen to commence 
it, and then to complete the decimals as the note directs. 

3. Divide -079085 by -83497. 
The work of this example, 

freed from unnecessary zeros, is 
as in the margin : the last deci- 
mal 6 is a little too great, but 
is much nearer the truth than 5. 
The zero with which the quo- 
tient commences is put in last. 
We see that the eleven decimal 
places used in the dividend, 
diminished by the five in the 
divisor, leaves six for the num- 
ber of places in the quotient, so 
that a zero must be prefixed to 
the decimal figures to make up 

the requisite number. 

(89.) The reason of the directions ^ven in the rule is 
obvious, when the decimal places in dividend and divisor are 
made the same in number, by the addition of zeros should 
need be; the suppression of the decimal point is merely 
equivalent to multiplying each by unity, followed by as many 
zeros as there are decinial places in each ; so that the value 
of the quotient is undisturbed by these changes. It follows 



•83497) -079085 (094716 
751473 

39377 
333988 

59782 
584479 

13341 
83497 

49913 
500982 
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also from maltiplication, that the decimal places in both 
div^isor and quotient most make op the number of places in 
the dividend. 

The quotients obtained in the preceding examples are true 
in all the decimals only on the supposition that the final 
decimal in both diyidend and divisor is strictly correct. This 
however is not generallj the case ; as it usually happens that 
a number consisting of several places of decimals is only an 
abridgment of a nomber with more decimals, as already 
explained. The last decimal of snch a number is therefore 
always affected with some error, — some fractional part of the 
unit to which it belongs; and to prevent the influence of this 
error in the quotient of two snch numbers, all that part of 
the work which the error affects should be lopped off, and the 
operation confined within trustworthy limits, as in contracted 
multiplication. In the following examples the decimals are 
supposed to be unaffected with error. 

Exerci$e$. 
Find each quotient to three places of decimals. 



1. 267-15975-7-1-25. 

2. 5-474558-^0325. 

3. 325 -T- 1-0125. 



4. 519-62-5-7849. 

5. 47-298-8-6-029. 
e. 3176•82-^-09317. 



(90.) Contracted Division. 

Contracted Division, like Contracted Multiplication, is a 
method of finding the result sought to as many figures as can 
be safely depended upon, without introducing into the opera- 
tion any more work than what contributes to this object. 
The rule is as follows :— - 

Rule 1. Find the first figure of the quotient as in tbe 
uncontracted method, and thence the first remainder. 

2. Instead of annexing a new figure from the dividend, or 
a zero, to this remainder, keep it as it is, and employ the 
divisor with its final figure cut offiox the next step. 

3. In like manner use tbe second remainder, and the 
divisor with two figures cut off for the next step ; and so on 
till all the figures of the divisor have been dismissed. It 
must be observed, that what would be carried from the figure 
cat off step after step, is still to be carried in multiplying tlie 
quotient figure by the curtailed divisor. 

o3 
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If the diyisor have more figures than tho diyidend, zeros 
may, of coarse, he annexed to the dividend ; hnt then that 
portion of the work in which these zeros are brought into use 
cannot be depended upon, unless the last figure of the divi- 
dend be strictly accurate. When such is not the case, therefore, 
the cverplus figures of the divisor should be cut off before 
commencing the division, if incorrect figures are to be ex- 
cluded from the quotient. 

1. As an example, let that at page 127 be taken; that is, 
let the value of 721*17562-^2*2574^2 be required to as many 
decimals as can be depended upon. 

As no decimals are to be 2*257432)721-1756(319*4672 

brought down to be annexed 6772296 

to the remainders, the final 2 ' 

in the dividend is suppressed 439460 

as useless. The first figure 3 225743 

of the quotient is multiplied _ 

into the entire divisor as it 213717 

stands; for the next quotient 203169 

figure 1, the divisor is cur- _ 

tailed by a figure, and a dot 10548 

is put under this figure 2 to 9030 

remind us of this: for the — — 

quotient figure 9, the cor- 1518 

responding divisor is 2*2574, 1354 

another dot being put under — 

the 3, to imply that it is no 164 

longer to be used, except for 158 

what is carried from it: as — 

3 X 9=27, the figure carried 6 

from it is 3. In this manner 

the operation is continued till the divisor is reduced to the 

single figure 2, and the work ends. This divisor 2, of the 

last dividend 6, gives only 2 for quotient ; because if we try 

3 we find that 1 must be carried from the divisor figure last 

rejected; so that the product would be 7. It is probable, 

however, that 3 is nearer the truth than 2; but the Icut 

figure of the quotient found in this way cannot, in general, be 

depended upon as strictly true. Suppose, for instance, that 

the final 2 in the divisor should be in strictness 2\ ; then, 

what is now a 6 at the close of the work should be a 5, and 

the quotient figure 2 would be Correct; but if the final 2 in 

the divisor should be 2--^ or |=1*66, &e., then the 6 at the 
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end should be a ?» and 3 would be the correct qnotient 
figure ; so that here, as in contracted multiplication, the last 
decimal in the result maj err bj a unit 

2. Divide 7*66858 by JL -0325)7 •66858(235-956 

•^lO'O ..650 

3*25 __^ 

Here.3l=3-25,«.d— =0325; ^^^^ 

and as this decimal is strictly correct, 975 

the operation should proceed without 

contraction till the final figure 8 in 1935 

tbe dividend has been used; afiter 1625 

which, contraction must commence, 

as in the margin. 3108 

3. Divide 18*75, in which the 5 is not 2925 
strictly correct, by 2-01747. 

Here, instead of adding three zeros to 183 

the dividend, as we should do, or conceive 163 

to be done, if the last figure of the divi- ^— 

dend were strictly accurate, we cut three 20 

figures from the divisor, and proceed as 19 

below, taking care, in multiplying by the — 

first quotient figure 9, to carry what arises 1 

from tbe dismissed figures of the divisor, namely 7. If the 
final decimal 5 of tbe dividend had been quite accurate, the 
operation would then have been as here annexed, and the 
quotient may be considered as perfectly accurate, as &r as 
four places of decimals ; namely, 9*2938. 

201,747)18*75(9*29 2-01747)18-75(9-29383 
1816 1815723 



59 59277 

40 40349 



19 18928 

18 18157 

1 771 

605 

166 
160 

6 
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From the illustrations dow given, you can find no difficulty 
in multiplying and dividing decimals, which are not in theiii- 
eclves strictly correct in the final figures, so as to secure t]ie 
greatest possible accuracy in your results. The subject is 
one of very great importance, and it therefore deserves your 
careful attention. 

In the following exercises the final figure of each decynal 
is supposed to be more or less inaccurate, except when other- 
wise stated. 



Exercises, 

1. 31'782-=-4-817. 

2. 2490-3048-^-57328e. 

3. 2-14.9-f-500-78. 

4. 47-298 -7- 6-029. 

5. 4650-75-^325. 

6. 8-6134-T-7-3524. 

7. 16-804379-f-3'142. 

8. 673-1489-5- -41432. 

». 2-7182818-T-3-1415927. 

10. •00128-5-8-192. 



11. 1 708-4592 -7--00024. 

12. -3412-5-8-4736. 

13. 75-347-f--3829. 

14. 1-5-10-473654. 

15. 5•474558-^3i. 

16. j^-s--1045. 

17. 23^-^87•64378. 

18. 14-3589-^-7854. 

19. 2972160-5-31773-244. 

20. 103-936-M059-108. 



21. Perform Ex. 7 on the supposition that the final figure 2 

of the divisor is strictly accurate. 

22. Perform Ex. 20 on the supposition that the final figure 6 

of the dividead is strictly accurate. 

23. Perform Examples 3 and 12 on the supposition that each 

dividend is strictly accurate. 
2 1. The old wine-gallon contained 231 cubic inches ; the new 
or imperial gallon contains 277*274 cubic inches, the 
third decimal, however, 4, being a little too great : it is 
required to find how many imperial gallons are con- 
tained in the old wine-hogshead of 63 wine-gallons, old 
measure. 

(91.) Application of Decimals to Concrete Qiiantities, 

The application of Decimals to Concrete Quantities, is so 
like the application of whole numbers and common fractions, 
as to render any distinct rules here unnecessary : it will be 
sufficient to present to you a few examples, worked at length, 
as specimens of the operatiooa. 



£. s. 


£. 9. d. 


3 7 


12 3 


20 


20 
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Ex. 1. Find the value of -TOlX. Ex. 1. Ex. 2. 

The work is in the margin, and '761 £ 185 (L 

consists, as in common reduction, 20 *37 

in simply reducing pounds to shil- 

lings, pence, and farthings. The 15*220 «. 1295 

answer is 1 5s. 2^ J., and the deci- 12 555 

mal, '56 of a&rthing, or 15». 2|J. 

nearly. 2*64 cL 68*45 d. 

2. Howmuchis*37of 15«. 5J.? 4 4 
Here, 158. 5d. = 185 J., and 

185i. X -37 = 68-45J. = 5#. 8iJ., 2*56/ 1*80/. 

and *8, that is, f of a farthing, 
or 58. ^\d. nearly. 

3. What decimal of X3 7«. is Xl 2». 3i. ? 
Here, as in fractions, the 

two quantities must be re- 
duced to a common denomi- 
nation, and then the latter — — 
divided by the former: it is 67 22 
matter of choice, whether you 4 4 

bring them to the lowest de- 

nomination mentioned or to 268 ) 89(*3321 

the highest: the work by 804 

both methods is given in the 2^0X7 *. 

margin: in the first method, 86 

the quantities are reduced to '35 X 804 

threepences; in the second, 

to pounds : in the second, the 12)3 d. 56 

7s, is converted into *35X; 536 

the 3d. into *25*., to which 2,0X2*25 «. 

the 2s. is prefixed; and then, 24 

the entire number of shil- *1125 X 

lings, namely, 2'25«., brought into 

'1125X; so that the proposed quan- 3*S5)1*1125(*3322 

tities, in the denomination, pounds^ 1005 

are 3*35X and 1'1125X; the latter, 

divided by the former, gives *3321, 1075 

true to the nearest unit in the last 1005 

decimal ; the 1 is a little too great, «— . 

but the error would have been 70 

greater if had been put instead. 670 

80 
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4. What decimal of £5 is £3 1 7*. S^d. ? 4)3 
Here, the ^ihortest way is to proceed 

according to the second of the ehove 12)6-75 

methods, and to reduce the 17«. Q^d. 

to the decimal of a £, as in the margin, 2^0)1^7-5625 

and then to divide by the £5. The deno- 

raination, £, here placed against dividend and £5)3-878 1 25£ 

divisor, might have been omitted, since the 

quotient is the same abstract number whether *775 625 
dividend and divisor be concrete or n(»t. 

5. Reduce 2#. 9|i. to the decimal of 7*. 9|rf. 

Here, it would seem, that the best way is to 5)9 

reduce first to the lowest denomination, /arM t92^«, 

and then to divide the former quantity by the 5)1*8 
latter : it is plain, however, that the two may be 




a little simplified, by dividing each by 3 : thus, -36 

2s. djd. _ U\d. _ 45/ 

7r9p. - 2^7^: - 125/. = A; we have, 
therefore, merely to turn the fraction, ^y, into a decimal, by 
actual division, as in the margin ; so that 2s. 9^d. is -36% 
that is, 36 hundredths of Is. 9^d. 

6. Reduce 7 drams to the decimal 
of 1 lb. avoirdupois. 

^^ Telle = •"2^«**- 

7. Reduce 14 min. to the decimal 

of a day. 

14 
Here, g^^^ = tJtt = '0097. •375)-392(l£ 

8. Find the value of -0125 lb. troy. ^"^^ 
Here, -0125 x 12 x 20dwt=3dwt. ^ 

9. If I- yard cost ^£, what will ^ J 
If yard cost? "^ 

Here, f = -375 ; ^ = -28, and — " 

If = 1-4; .-. -375 : 1-4 :: •28£ 340(0*. 

: -^ ' ■ £ = £i 0*. Hi. 

nearly 408(11 rf. nearly 

£fxereises. 
Required the values of the following decimals, &c. 

1. -09375 acres. 2. 3-6285 desrrees. 

B. '4625 tons. 4. -4375 fihiliin<r8. 
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5. -73125 of £2 10#. 6. -4694 lb. troy. 

7. £19 17s. B^cL in pounds. 8. .^x^V^ in decimals. 

9. Reduce dd. to the decimal of a £. 

10. Reduce 5 h. 48 min. 49*7 sec. to the decimal of a day. 

11. What is -315 of 2 lbs. 7 oz. 15 dwt. troy f 

12. Multiply £3 4«. ed. by 1-46875, and find the product 

in £ $. d. 

13. Divide £10 11«. Zd. by 29*25, and find the quotient 

in £ 9. d. 

14. What common fractions are equal to 1*36 and *1634 ? 

15. The time between one new or full moon and the next is 

29*5305887 days : reduce the decimal to hours, minutes, 
and seconds. 

16. The circumference of a circle is 3*1416 times the 

diameter: the earth's eircumference is about 24857 
miles: find its diameter, as near as can be depended 
on ; the 6, in the foregoing decimal, being slightly too 
great. 

17. The diameter of the sun is about 883220 miles: find its 

circumference, as near as can be trusted (see Ex. 16). 

18. What is the value of •121875£+17*. 6|rf. ? 

19. What is the value of •875£ + -37 crown ? 

20. Work the following by decimals: If 2^ qrs. of sugar 

cost £l 17«. 6(f., what will 1 cwt. 3 qrs. 21 lb. cost? 

21. If 24 ac. 3 ro. 39 per. can be reaped in 12} hours, how 

much can be reaped by the same hands in 15 h. 
48 min. ? 

22. If £6 13«. be the wages of 8 men for 3*25 days, what 

will be the wages of 20 men for 9*25 days? 

23. Find the value of -34 of -26 of £2 13*. \d. 

24. Reduce -47 of -23 of Is. l^d. to the decimal of £l 14*. S^flt 



(92.) Recurring^ or Circulating Deeim^ils. 

Before concluding the arithmetic of decimals, it is proper 
to say a few words about what are called recurring^ or cir- 
culating decimals. They are so called, because the figures 
of which they consist continually recur, presenting either a 
constant repetition of the same figure, after a certain num- 
ber of figures, or a repetition of the same set or row of 
figures : thn£?, '3333 .... is a recurring decimal ; so also is 
•7543543 . . . , and '592592 . . . . , &c. In the first of these 
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instances, 3 is tbe recurring figure ; in the second, 543 is the 
recurring period^ as it is called ; and in the third, the recur- 
ring, or circulating period, is 592. Instead of repeating the 
period, it is customary to write it but once, and to put dots 
over the extreme figures of the period, bj which we are to 
understand, that those figures recur without eud: the three 
instances just noticed would thus be more briefly expressed as 
follows : *3, '764^, and '69^. Decimals, of which the figures 
have this periodic character, yery frequently present them- 
selves in converting a common fraction into a decimal; 
indeed, they altoat/s present themselves whenever the deno- 
minator of ^ vulgar fraction, in its lowest terms, is not 
entirely resolvable into factors consisting of 2's and 5's. 
You are aware, that, in order to convert a fraction into a 
decimal, we divide the numerator by the denominator, con- 
tinually annexing zero after zero to the former, till the 
operation terminates of itself, or till we arbitrarily put a stop 
to it : and it is plain, that if we are at liberty to put as many 
O's as we please to a number, that number, with the zeros 
attached to it, will become divisible, without remainder, by 
as many 2's and 5's as we please. Hence, a fraction whose 
denominator has no other simple factors but these, is always 
equal to 9^ finite or terminable decimal : but, if other ^Etctors 
enter, or, which is the same thing, if, after I'emoving all the 
2 s and 5's, a factor still exists in the denominator, then, the 
decimal, equal to the fraction, will be interminable^ because 
this remaining factor, not being divisible by either 2 or 5, 
must terminate, either in a 1, a 3, a 7, or a 9 ; and no quo> 
tient-figure, multiplied into either of these, can ever produce 
a 0, as the terminating figure of the product, so that we 
might bring down O's continually, without any hope of the 
work ending of itself: the following are a few instances. 



\ = -1111 ... = -1 
^ = -0909 . . . = -Oi 



•ff^Ay = -008497133 
•tflf = 4-7643 
II = -592592 . . . = -692 -^ = -052631578947368421. 

As the last of these examples shows, a very simple fraction 
may give us a good deal of labour, before we can determine 
the circulating period of its equivalent decimal : * but, in a 

* A method of abridging this labour was given by Mr. Colsqp, in 
Sir Isaac Newton's " Fluxions." An analogous method, much more 
convenient and expeditious, was proposed by the author of this Rudi- 
mentary Treatise, in Vol. xxxvi. of the Philosophical Magazine; the 
-^bers for January and February, 1850. 
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case like this, 8 ach determination woald be more curious than 
useful : it is easy to prove, however, that, the fraction being 
in its lowest terms, the period can never have so many figures 
as there are units in the denominator of the fraction : in the 
case of -^^ for instance, we might bo sure that the period 
could not have nv>re than eighteen figures, which number we 
see it actually contains. The reason is this : the period can 
extend itself only so long as the succe&sive remainders we 
arrive at, in carrying on the division, do not recur : when- 
ever we come to a remainder, the same as one already em- 
ployed, then, of course, the quotient-figures between the two 
roust also recur ; but this recurrence is postponed so long as 
the remainders continue to be all different; and as no re- 
mainder can be greater than the number which is a unit less 
than the divisor, it is plainly impossible that there can be 
more difllerent remainders than b expressed by the divisor, 
miniuf I. And this is, in general, all that we can say about 
the extent of the period, previously to actual trial. 

Although recurring decimals are thus always interminable, 
you are not to infer, that interminable decimals are always 
recurring; those only are recurring which arise from the 
development^ as it is called, of a vulgar fraction; such 
decimals are always convertible back again into the finite 
fractions to which they are equivalent ; but many intermina- 
ble decimal values occur in calculation which cannot be repre- 
sented by a finite fraction, and which, therefore, are not 
recurring decimals. Of such decimals, only a finite portion 
of the interminable row can be used in computation, so that 
some amount of error in the abridged forms is unavoidable : 
in the preceding articles, I have shown how to exclude from 
any result that part of it which this imperfection would 
infiuence. When the decimals with which we work are 
recurring, the imperfection, consequent upon our using only 
a finite number of figures, can be rendered as minute as we 
please : for one period being given us, we can always add on 
as many true decimals as we like, instead of employing zeros 
when we want additional places; to use zeros for such a 
purpose in recurring decimals, you will, of course, see, 
would be an intentional departure from strict accuracy : but, 
in dealing with circulating decimals, the way to avoid imper- 
fection altogether, is to convert them into their equivalent 
vulgar fractions : the rule for this is as follows. 
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(93.) To convert a Recurring Decimal into ite eguiwUent 

Vulgar Fraction. 

RuLB 1. Write down only the figures after the decimal 
point, up to the end of the first period, omitting the leading 
O's, if there be any, and consider the namber thus written to 
be a whole number, 

2. Subtract from this whatever portion of the decimal 
there may be which precedes the period, regarding this 
portion as a whole number also ; the remainder will be the 
numerator of the equivalent fraction. 

3. For the denominator^ write as many 9's as there are 
figures or places in the period, followed by as many 0*s as 
there are decimals preceding the period. IPrefix to the frac- 
tion whatever whole number may have been prefixed to the 
decimal. 

Ex. 1. Convert 'Od into its equivalent fraction. 

Here, omitting the leading 0, we write 9 as a whole num* 
ber ; and as no decimals precede the period, the 9 will be the 
numerator of the required fraction, and 99 will be the deno- 
minator : therefore the fraction is -A- = •^. 

2. Convert *59d into its equivalent fraction. 

Here, agreeably to the rule, the fraction will be |{^f, 
which, by dividing numerator and denominator by 37, re- 
duces to •}-}-. 

3. Convert 4'7S4S into its equivalent fraction. 

Here, the figures first to be written down are 7543, as a 
whole number, and from this, the whole number 7 is to be 
subtracted: the numerator is therefore 7536, and the deno- 
minator 9990 ; consequently, the fraction, with the whole 
number 4 prefixed, is 4^1^ = ^\Hi = {Hi- 

Exerciees. 

Reduce to fractions the following decimals. 

•l36, 2-4ljS, •5ft26, •0044ft, 3-?56d, 621-621, -62434, 
•857142, 1-6378, -008497133. 

To understand the principle of the rule, it will be sufficient 
to attend to the following simple and obviouH cases, namely, 

^ = •11111....,^ = -010101 . . . . , yir = -001001 , 

• ^^^^ = -00010001 . . . , &c., from which it appears, that a 
recurring decimal, whose period commences immediately after 
the decimal point, is converted into an equivalent fraction, 
thus : if the period consist of but one figure, this figure, taken 
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as a whole number^ mast be multiplied bj \ ; if it consist of 
two figures, these, taken as a whole number, must be mul- 
tiplied by -^ ; if it consist of three figures, the number must 
be multiplied by -^^ ; and so on : thus, *S = I- or •)■ ; *7 = {^ ; 
*&9d = -If}, &c. ; which is according to the rule. If the 
period do not commence immediately after the decimal point, 

as, for instance, in -7645, then 7643 = '^j^ = '^^^ = 

7x999 + 543 7000-7+543 7543-7 , . , 

9990— = 9990 = "9990-' ""^''^ ^^^^ 

with the rule. In like manner, *27S43 = 



100 100 

27 X 999+543 27000—27+543 27543-27 



'^ 99900 99900 99900 

80 on, agreeably to the rule. 



and 



(94.) INVOLUTION AND EVOLUTION. 

When a set of equal &ctors are multiplied together, this 
particular case of multiplication is called involution^ and the 
product is called a power of the number or &ctor, thus 
repeatedly used. If the numbei be simply multiplied by 
itself, the product is the second pottery or square of that 
number : if the second power be also multiplied by the num- 
ber, the product is the third power^ or cube of that number : 
if^ again, this be multiplied by the number, the product is the 
fourth power of that number: and so on, the number of 
times we thus use the same number as factor, always marking 
the pomer of that number, so that numbers may be raised to 
the fifth, sixth, seyenth, or any other power, however great, 
provided only we have the patience to carry on these suc- 
cessive multiplications by it. 

As this operation of involution is no more than common 
multiplication, there is nothing for me to explain in reference 
to the mode of performing it ; and I here mention it, chiefly 
for the sake of showing yon the meaning of a term in fre- 
quent use, and of introducing another particular in notation. 

From what has just been said, you see that the second 
potcery or square of any number, 3, for instance, is thus 
indicated : 3x3 = 9; that is, the square of 3 is 9 : that the 
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third power ^ or cube of 3, is 3x3x3 = 27; that is, the 
cabe of 3 is 27 : that the fourth power of 3 is 3x3x3x3 
= 81 ; that the fifth power is 3x3x3x3x3 = 243 ; and 
so on, to any extent. You see that it would soon become 
inconvenient and tedious to repeat the equal factors in this 
way, when high powers are to be indicated : and to avoid this, 
a very neat and brief form of notation for powers has been 
devised : the number to be involved or raiised to the proposed 
power, is simply written down ; and then, over the right-hand 
upper corner of it, is placed, in smaller t3rpe, fmother number, 
expressing the power intended : thus, 3^ indicates the square^ 
or second power of 3 ; 3* indicates the cuhe^ or third power 
of 3 ; 3* indicates the fourth power of 3 ; 3® the eighth power 
of 3 ; 3^^ the twelfth power; and so on. The number which, 
involved in this way, produces a power, is called the root of 
that power : thus, 3 is the square^root of 9 ; it is the cube- 
root of 27; the fourth root of 81 ; and so on : the notation 
for a root is the symbol v^, which, when no small figure is 
attached to it, implies, simply, the square-root; when the 
cube-Tooi is intended, a little 3 is connected with the symbol, 
thus {/; when the fourth root is meant, a little 4 is used, 
thus i/; and so on. You will now have no difficulty in 
making out the meaning of the following statements. 

Since 3*= 9 .*. ^9 = 3; since 3*= 27 .'. ^27 = 3; since 
3*=81.-. y81=3; &c. 

Since 5*= 25 .-. ^25 = 5 ; since 4»=s 64 .'. ^64 = 4 ; since 
7^=2401 .-.^2401 =7; &c. 

(95.) There is one thing that must occur to you in looking 
over these particulars: it is this, — that although the power 
proposed is very easily got from knowing the rooty yet that it 
is not so easy to discover the root when we know only the 
poioer; thus, you would find it no easy matter to get the 
fourth root of 2401, had you not previously seen that it was 
produced by successive multiplications of 7 by itsell This 
reverse operation, by which any proposed root of a number is 
found, is called Evolution* The process of Involution is uni- 
form, whatever be the power to which a number is to be 
raised ; but it is not so with Evolution : the rule for the 
sqtMre-root would help you but little towards finding the 
cube-rootj the fifth rooty &o. I am now going to show you 
how the square-root of a number is to be found, and after- 
wards how the cube-root is to be found; but I must pre- 
viously tell you that comparatively few numbers are really 
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squares or cubes; that is, numbers actoallj produced by 
tqiiaring or cubing other numbers. We cannot, of course, 
find by rules what does not strictly exist; but by aid ol 
decimals we can obtain approximate square-roots, and cube- 
roots of all numbers : that is, by applying our general rules 
we can, by means of decimals, obtain a Bumber which, when 
squared or raised to the second power, shall produce a num- 
ber differing from the number whose square-root is required 
by a fraction or decimal as small as we please. And we can 
aUo obtain a number which, when cubed or raised to the 
third power, shall produce a number differing from the num- 
ber whose cube-root is required by a decimal as small as we 
please ; so that such square and cube roots may be taken as 
true square and cube roots, without any sensible error. 
Decimals are very useful in all calculations, where ap^ 
proanmate values only are attainable. The following is the 
rule for finding the square-root accurately of a number, when- 
ever that number Lb strictly a square, and for finding the 
square-root approximately to any extent of decimals when 
the number is not an exact square. 

(96.) To extract the Square-root of a Number, 

Rule 1. Prepare the number for^ the operation thus:— 
Commencing from the decimal point, mark off the two final 
figures of the integral portion of the number; then the two 
figures which precede them ; then the two before these ; and 
so on, cutting up the integers in this way into as many 
periods, of two figures each, as you can : and, returning to 
the decimal point, mark off pairs of decimals, proceeding 
from left to right, in the same way. As we are at liberty to 
put a at the end of the given decimals, we may always 
make the number of them even ; so that the decimals will 
consist of complete periods, without any odd figure over ; 
but if the integers be odd in number, then, besides the periods 
of two figures each, there will be the leading figure standing 
singly ; this leading figure, however, is still called the jfirst 
period. 

2. Attend only to the first period, and find the greatest 
number whose square does not exceed the number in that 
period. This can never be matter of the slightest difficulty; 
for as the period can never be a number of more than ttro 
figures, it will be very easy to see which of the nine digits 
multiplied by itself approaches nearest to it. The greatest 
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number tbus fonnd is the first figure of the root : write it in 
the place in which you would put it if it were the first figure 
of a quotient ; that is, to the right of the proposed number ; 
subtract the square of it from tho first period, and to the 
remainder annex the second period^ and you will have a 
number which may be called thefint dividend. 

3. After this leading step the operation assumes a new 
form. To the left of the first dividend mark off a place for 
the corresponding first divisor, which you find thus: — Put 
twice the root-figure just found in the divisors place; the 
leading figure, or if the root-figure exceed 4, the ttoo leading 
figures of the required divisor will thus be found, and you 
will now have a dividend, and the leading figure or figures 
of its divisor, to find the corresponding quotient-figure ; and 
you know, from common division, that it is mainly the lead- 
ing figures of a divisor which suggest the first figure of the 
quotient. Find then the quotient-figure from this incomplete 
dimsor ; the quotient-figure thus found forms the second 
figure of the root, and, annexed to the incomplete or trial 
divisor, it renders it complete; you have only then, as in 
division, to multiply the complete divisor by the figure just 
found, to subtract the product from the dividend, and to 
annex to the remainder the third period; you will thus have 
the second dividend, 

4. Proceed step after step in this way, writing against 
every dividend twice the number formed by the root-figures 
previously found; you will thus always get the incomplete 
or trial divisor belonging to that dividend, and thence a new 
root-figure ; with which, as before, the incomplete divisor is 
to be completed. 

You know that in common division the quotient-figure 
suggested by the leading figures of a divisor is not always 
the true quotient-figure ; for we cannot always foresee the 
full influence of the carryings. So here, the root-figure, 
suggested by an incomplete divisor, may prove to be erro- 
neous when that divisor is completed, and the multiplication 
of it by the figure under trial executed. In such a case we 
do exactly as we would in common division. (See page 30.) 

An example worked at length will sufiicieutly illustrate 
the rule. 
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Ex. 1. Extract the 8qaare-h)ot of 56782*432. 

Here, the proposed num- 
ber divided into periods of 5^67^82^ '43^20(238*2906 
two figures each, as the first 4 
precept of the rule directs, — 
is 5,67,82/43,20, and the 43)167 
first root-figure is 2, this 129 
being the greatest number, ■ 
whose square (4) does not 468) 3882 
exceed the first period, 5 : 3744 
the square of this 2, sub- __ 
tracted from the first pe- 4762)13843 
riod, leaves for remainder 9524 
1, which becomes ] 67, when 



the next period is brought 47649)431920 
down. Hence, 167 is the 428841 

first dividend, and 4, the — — 

double of the root-figure, is 4765806)30790000 
the first triaJ, or incomplete 28594836 

divisor. Looking at this 4, ■ 

in reference to the 16 in the 2195164, &c. 

dividend, 4 is suggested as 

the quotient-figure ; but, foreseeing that unit would have to 
be carried, we know that 4 will be too great. Putting, 
therefore, 3 f<»* the second root-figure, and the same 3 against 
the incomplete divisor, we proceed, as in division, and obtain 
the second remainder, 38, which, when the next period is 
brought down, becomes 3882, the second dividend. Doubling 
the 23, the number formed by the root-figures already found, 
we have 46 for the incomplete divisor of 3882 ; so that the 
corresponding quotient-figure — ^that is, the third root-figure 
— is 8, which placed against the 46, gives 468 for the 
true divisor : hence, the third remainder is 138, and another 
period being brought down, the third dividend is 13843. 
The triaJ-divisor of this, that is, the double of the root, thus 
far found, is 476 ; and, therefore, the quotient-figure, that is, 
the fourth root-figure, is 2, and, therefore, the complete 
divisor is 4762. The next dividend is 431920, and the trial- 
divisor belonging to it is 4764, so that 9 is the fifth figure of 
the root : completing the divisor with this 9, we get the next 
remainder, 3079, which, with another period brought down, 
namely, 00, gives the next dividend, 307900, the incomplete 
divisor of which, the double of 23829, is 47658. It is 
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obvious, from the leading jfic:ure, tbat this, when completed, 
will be greater than the dividend: hence, the next root- 
figure is ; and the next dividend, formed bj annexing 
another period of zeros, is 30790000, the corresponding 
incomplete divisor being 476580, the double of the root, so 
far as it goes. The incomplete divisor gives 6 for the next 
root-figure, and 4765806 for the complete divisor ; and, by 
bringing down zero periods in this way, step after step, we 
may extend the root to as many decimal places as we please. 
In the work in the margin, it has been carried to four places 
of decimals, and the number 238*2906, thus determined, is 
said to be the approximate square-root of 56782*432 ; and 
the decimals are all true, as far as these four places. Never- 
theless, as more decimals would follow if we were to continue 
the work, the final figure, 6, needs a fractional correction ; 
we know that it is too small, by some fraction, or decimal of 
a unit, in the fourth place. On this account, we could not 
expect to recover the proposed number exactly, by squaring 
this incomplete root. 

From the principles already taught (page 120), you know 
that if you were to multiply 238*2906 by itself, the result 
could not be depended upon beyond the first 
decimal ; for, as there are seven figures in each 238*2906 
factor, and but eight decimals in the complete 6092832 
product, the number of decimals to be depended — — 
upon is only 8— 7 = 1, the other seven deci- 4765812 
mals being necessarily inaccurate. You must 713872 
always keep in remembrance the infiuence of 190632 
this error, in the last decimal of an approximate 4766 

result, whenever you have occasion to use it 2144 

in multiplication or division ; and be careful to 14 

avoid the common mistake of supposing that, ■■■ 
because you have got the square-root of a 55782*40 

number true to several places of decimals, that 

the iquare of that root can be true to anything like the 
same extent The square of the root just obtained, as far 
as one decimal place^ which is all that can be safely de- 
pended on, is found by contracted multiplication, as in the 
margin.* If you take the trouble to multiply the root by 
itself, without any contraction, you will find the product to 
be 56782*41004836. By extending the decimals of the 

* Sde note, page 12ft. 
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root, tbe sqnare of the root may be made to differ from the 
number proposed by a quantity smaller than any that can be 
assigned; so that you always have it in your power to 
approximate to the truth, as closely as you please. 

(97.) We must now return to our worked-out example at 
page 143, for I have some particulars to mention to you, as 
to the abridgment of the operation. You may, in general, 
take it for granted, unless the contrary plainly appear, that 
when a number containing decimals is given you to work 
upon, the final decimal of that number will be only approxi- 
mately true. You. may consider, therefore, that the num- 
ber proposed in the example referred to, has, in its complete 
state, a long string of decimals, and that the decimals have 
been reduced to three, for convenience, or, because more than 
three decimals would encumber the value with an unneces- 
sary degree of accuracy ; consequently, when we have used 
the final decimal 2, we may conclude, that the final figures of 
the subsequent dividends will be affected with error, and our 
business is, to exclude the influence of this error from the 
figures of the root. It is plain, therefore, that after having 
arrived at the dividend, 43192, and its divisor, 47649, con- 
tracted division only should be used : you must see, too, that 
as each divisor differs from the next ^rtaZ-di visor following, 
only by having the double of the new root-figure added to it, 
these successive additions can have no influence on any con- 
tracted divisor, because the figures that would be influenced 
becotne cut off. Hence, after the 

final decimal 2 has been used, the 4^7x6^4,9)43192(9064 
remaining part of the operation is 42884 

simply that of contracted division, 

which terminates of itself, as soon 308 

as all the root-figures that can be 286 

depended upon are obtained: the .^.^ 

root may, therefore, be extended, 22 

as in the margin ; and we may con- 19 

sider it to be correctly determined, — 

as far as five places of decimals; 3 

its value being 238*29064 : but as 

the quotient-figure 4 is somewhat more helotD the truth than 
5 is above it, it might be better to write 238*29065 for the 
root ; if we knew that the final decimal in our proposed num- 
ber were a little too small^ we should affirm the latter to he 
the better approximation to the root ; but, if we knew that 

H 
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our proposed number were a little too great in its last deci- 
mal, we should prefer the former approximation : we cannot, 
therefore, be quite sure as to the kut decimal, within a unit. 

In the following example, contraction is used as soon ajs 
the decimals in the given number have been employed* 

2. Extract the square-root of 58352-74. 

The work in the margin 5,83,52,-74(241 '5631 

shows the root as far as 4 

four places of decimals to be — - 

241*5631: you cannot de- 44)183 
pend upon it to any greater 176 

extent — 

(98.) I think you must now 481) 752 
sufficiently see the manner in 481 

which yon are to proceed -_.- 

with the extraction of the 4825)27174 
square-root, when you desire 24125 

that root to be encumbered ■ 

with no more decimals than 4,8,3,0) 3049 
you can place reliance upon. 2898 

You can, of course, adopt the 
same method of contraction, 
when you have to approxi- 
mate to the square-root of 
a whole number, in itself not 
a square : as the process, left 
unchecked, would go on with- — 

out end, you would fix a 1 

point at which restraint should 

be put upon the increase of figures; and, by using con- 
tracted division from that step, bring the operation to a 
close: you can always easily see, from counting -the number 
of figures in any divisor, how many root-figures, from that 
stage of the work, will be added on by the contracted di- 
vision. 

After the first step in the extraction of the square-root, 
you need not take the trouble to multiply the root-figures by 
2, in order to get the several trial, or incomplete divisors, 
since each trial-divisor is formed from merely adding twice 
the last root- figure to the preceding divisor ; in practice, the 
several trial-divisors are always derived from one another in 
this way. I may also remark here, that some people mark 
off the periods, in the number proposed for extraotion, by 
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putting a dot over the last figure of each period : thus, the 
periods of the number in last example are distinguished in 
this way ; 68352*74 : you can, of course, use, in your own 
practice, whichever way you please. 

(99.) It is not easy to give a satisfactory proof of the foregoing method 
of extracting the square-root without tiie aid of algebra ; but I will 
endeavour to explain the reason of the several steps of the operation by 
help of arithmetic only. To understand this explanation, you must first 
become convinced of the following property: namely, that [f any number 
be separated into two parts by the sign plui, the square of that number 
will always be made up of the squares of the two parts pliu twice the 
product of those parts. Take, for instance, the number 9, of which the 
square is 81 ; this square is made up of the squares of 4 and 5 (which 
together make 9) plus twice 4 xb; it is also made up of the squares 
of the two parts 3 and 6 plus twice 3x6; or of the squares of the two 
parts 7 and 2 plus twice 7x2, and so on : that is, 9^»4' + 2 (4x5) + 5' 
«3«+2(3x6) +6«=7« + 2(7x2) +2«=8« + 2 (8x 1) +1«, &c. And 
the same property holds, whatever be the number, and into whatever two 
parts it be separated. It is this general property that has suggested the 
rule for the square-root. Let us take any square number ; the square of 
8764, for instance ; which is 76807696. If from 

having this square given, we wished to return to 76^80,76,96(8764 

the root, we should readily foresee, that by 61 

dividing it into periods, as already explained, — 

and then regarding only the first period 76, the 167)1280 
leading figure 8 of the root could be at once 1169 

discovered. As the local value of this 8 is 8000, — 

we know, from the foregoing property, that the 1746) 11176 
proposed number is made up of the following 10476 

parts: namely, 8000' + 2 (8000x764) +764*, 

which is the same as 8000>+ (2x8000 + 764) 17524) 70096 
764. So that after having subtracted the square 70096 

of the first root-figure, the remainder, or what 

has been called above the first dividend, is (2 x 8000 + 764) 764.* The 
divisor for this, which would supply accurately all the remaining figures 
of the root, namely the figures 764, is evidently 2 x 8000 + 764. But this 
divisor we cannot completely get, as the figures 764 which enter it are 
those of which we are in search ; but we can get the greater part of it ; 
namely, the part 2 x 8000, from knowing the already-found first figure 
8, or in strictness 8000. We avail ourselves, therefore, of this, and call 
it our first trials or incomplete divisor ; this assists us in discovering the 
single figure 7, by which we are enabled to correct our trial divisor, by 
ad(Ung to it the part thus suggested, namely 700 ; and so corrected, we 
call 2 x 8000 + 700 our complete divisor , since it completely answers for 

* The remainders, or dividends, are conceived to have the figures of 
the proposed number, afterwards brought down two at a time, to be 
actually appended to Uiem ; but, just as in long division, the remainders 
are kept free of these additional figures till they are wanted for use, in 
order to save unnecessary repetitions. It may be noticed here, that the 
notation above means that the whole of the quantity enclosed in the 
brackets is to be multiplied by 764. 

e2 
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the figure 7 of the root, though not fbr the figures which follow. Aftei 
multiplymg this complete divisor by the local value, 700, of the quotient- 
figure 7, we get (2x8000 + 700) 700, which subtracted fix>m the first 
dividend, leaves 2 x 8000 x 64 + 764'— 700*. But by the general property 
with which we started, 764*«-700*+2 (700x64) + 64<: consequently, 
the remainder spoken of is 2x8000x64 + 2x700x64 + 64'; or, which 
is the same thing, 2 x 8700 x 64 + 64>« (2 x 8700 + 64) 64. And this is 
our second dividend. Now just return to the preceding expression fbr 
the first dwidendf and you will observe a perfect correspondence ; the 
first dividend consists of twice the number already in the root + the 
number formed by the remaining figures, multiplied by that number ; 
so here the tecond dividend consists of twice the number already in the 
root + the number formed by the remaining figures, multiplied by that 
number. Consequently, just as we got the second figure of the root out 
of the first dividend, so we may now get the third figure out of the second 
dividend ; that is, the step by whid^ the third figure is to be obtained 
must be exactly similar to that by which the second was obtained ; and 
therefore, figure after figure is to be found by a series of uniform steps, 
as in the operation given at length in the margin, which you will find 
upon examination to be in strict accordance with what is here explained, 
when the several remainders or dividends are completed, by the latter 
^gures of the original number being appended to them. In the work, 
these figures, to save repetitions^ are not actually brought down till they 
are wanted. 

Exercises, 

Extract the square-root of each of the following numbers, 
those of them which terminate in decimals heing only ap- 
proximately true in the last figure, except where otherwise 
stated. 

1. 31-782153. 2. 115-297356. 

3. '3236068. 4. 11, to six decimals. 

5. 473256, to three decimals. 6. 3, to eight decimals. 

7. 903687890625. 8. 365, to eight decimals. 

9. 32*398864, the last decimal trtte. 

10. '000729, the last decimal true. 

11. 784-375 12. 79-182. 

13. 68-736, to nine decimals, the last, 6, heing true. 

14. 2911^. 15. 104^. 

16. 17f, to five decimab. 17. 15|> to six decimals. 

18. 794|, to eight decimals. 19. 34-867844. 

20. The recurring decimal 7' 6631 to seven places. 



(100.) There is another way of arranging the work tor the 
square-root, which, although it presents to the eye more 
figures, and takes up more room, is nevertheless well worthy 
of your attention, en account of the very simple character of 
the several steps ; and because, moreover, the operation* when 
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thtis arranged, beeomes only a particular case of the general 
process for the extraction of any root^ howerer high. The 
operation, too, is the same, whetiier the sought root be that 
of a number merely, as here, or that of a numerical equation ; 
00 that, if you ever adyance to algebra, you will find a £Euni- 
liarity witA the arrangement given below to be of much 
assistance to you in an important part of that subject. The 
work of the example last given, in the form here recom- 
mended to your notice, is as follows :— 

1 76,80,76,96(8764 

8 64 

8 1280(1) 

8 1169 



11176(2) 
10476 



70096 (3) 
70096 



17524 



By comparing this with the work of the same example at 
page 147, you will see that the two operations difier only in 
arrangement. In the latter form, 1, 0, and the given num- 
ber, are written in a row; the stands at the head of a 
colnnm of work which gives the trial and true divisors ; and 
the given number stands at the head of a colunm which fur- 
nishes the corresponding dividends; each trial-divisor, with 
the dividend to which it belongs, is marked (1), (2), &c., 
merely for the puipose of directing the eye to those numbers 
in the two columns which are directly concerned in the 
determination of the several root-figures ; each true divisor w 
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always one step below the triaUdivisor, which suggests it 
The several steps of the work are of the simplest kind: 
having foand the first figure 8 of the root, the 1 is multiplied 
by it, the product added to the 0, the result multiplied by 
the same 8, and the product ntbtracted from the first period : 
the 1 is again multiplied by the 8, the product, as before, 
carried to the divisor-column, and thus one step of the work 
is completed. The trial-divisor, 16, now suggests the next 
root-figure, 7, which, as before, is a multiplier of the 1 ; the 
product carried to the divisor-column gives the true divisor, 
and the product of this by the 7, carried to the dividend- 
column, and iuhtractedy gives the next dividend (2) ; the 1 
is again multiplied by the 7, and the product carried to the 
divisor-column, completes the second step ; and so on, all the 
steps being uniformly the same. 

(101.) The operation for the cube-root of a number is 
merely an extension of this easy kind of work. In this case, 
the row at first written consists of 1, 0, 0, and the ^ven 
number ; this latter being now divided into periods of three 
figures each, the cube-root of the first period forms the first 
root-figure ; this, as before, is used as a constant multiplier 
throughout the first step or stage of the operation, the pro- 
ducts by it contributing to form ttoo columns of work under 
the O's, and a third column under the given number : thus, 
the root-figure is applied, as a multiplier, to the 1, and the 
product is added to the first ; the same multiplier is applied 
to the sum, and the product added to the second 0; the 
same multiplier is applied to this next sum, and the product 
subtracted from the first period. To complete the step, we 
return to the 1, applying still the same multiplier, adding 
the product as before to the first column, applying the same 
multiplier to the sum, and adding the product to the second 
column, at which we now stop : we then return again to the 
1 ; apply the multiplier, and add the product to the first 
column, carrying the process no further : the first step is now 
completed ; the number last found, in the second column, is 
the trial-divisor for finding the next root-figure ; with which 
root-figure we proceed through the same course of multiplica- 
tions, &c., as at first, and thus get^ under the trial, the true 
divisor, and thence the next dividend. 

The following example exhibits the steps at length, the 
numbers in the three columns, which appear at the end of a 
step, being marked (1), (2), &c., fus in the square-root form. 
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Ex. 1. Extract the oube-root of 411001037875. 

10 411,001,037,875(7435 

7 49 343 



7 49 68001 (1) 

7 98 62224 



-(1) 

147 5777037 (2) 

856 4948407 



15556 828630875(3) 

872 828630875 

(2) 

16428 
6669 

1649469 
6678 

(3) 

1656147 
111475 

165726175 



22295 



Yon of conrse see why the figures below the (1), (2), &c. 
:n the first column are put each one place further to the 
right ; it is because the root-figures which produce them are 
each one place further to the right, the local value diminishing 
at a ten-fold rate. The corresponding numbers in the second 
column are pushed two places to the right, because the mul- 
tiplicand and the multiplier from which each is produced haye 
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loth of them advanced one place to tbe right ; and the figures 
are pushed three places to the right in the next colnmu, be- 
cause the multiplicand has advanced ttoo places and the mul- 
tiplier one* 

(102.) The foregoing process may be extended indefinitely. 
It may be applied to the finding of the fourth, fiftli, sixth, or 
any higher root of a number : for the fourth root there ivill 
be four columns of work, for the fifth five columns, and so 
on.t But this is not the place to prosecute the subject 
further ; for additional information you must consult the 
works referred to at the close of the foot-note below, as also 
for an explanation of the reason of the operation above, which 
cannot be made sufficiently intelligible without the aid of 
algebra. I shall give you one other example in the cube- 
root, in order that you may see how the work is to be con- 
tracted when the proposed number ends in a decimal not to 
be depended upon; or when only a prescribed number of 
decimals is required in the root. You will observe, by 
examining what follows, that the contractions are so ma- 
naged as to exclude every decimal that would extend beyond 
the proposed limitation. 

* Should any reader of this little work be already acquainted with 
arithmeticy but acquainted with it only as it is taught in the common 
Bchool-bookSy he will be agreeably surprised to find that a subject which 
must have occasioned him so much perplexity as the extraction of the 
cube- root, resolves itself into the above simple process. I claim no 
merit for it myself; it is due to the late Mr. Homer, of Bath, as a par- 
ticular application of his general method of solving numerical equations. 
One or two recent writers on arithmetic have had the discernment to see 
its superiority over the common rule, but not the generosity to mention, 
in connection with it, the name of its indefatigable author, — a man who 
has done more for the practical advancement of that part of calculation 
to which it belongs than any other mathematician since Newton. In 
order to prevent the possibility of this reproof being improperly applied, 
I must add, — though the addition is quite superfluous to those who know 
anything of his personal character, — that Professor De Morgan, who 
uses Homer's method in all his arithmetical writings, is never chargeable 
with this disingenuous oversight. 

Students who may wish to know more about Homer's method, may 
consult my recent ** Introduction to Algebra, and to the Solution of 
Numerical Equations ;" ** The Analysis and Solution of Cubic and 
Biquadratic Equations ;" and *' The Theory and Solution of Equations 
of the Higher Orders." This latter work, which, with the separately 
published ** Appendix,'' costs 18«., is fit only for the advanced student. 

t The fourth root may be obtained by first finding the igtcore-root 
and then the square-root of the result. 
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8. What is the oube-ioot of 98375*112 ? * 

98375-112(46*163112 

64 

— 46-163112 

34375(1) 21136164 

33336 — 









4 


16 


4 


16 


4 


32 


— i 


-(1) 


8 


48 


4 


756 


-0) 




12 


5556 


6 


792 



18465245 



1039-112(2) 2769787 
636-181 46163 
27698 



126 
6 


132 
6 

(2) 

138 
•1 


138-1 
•1 



402-931 (3) 1385 

383-036 46 

(2) 5 

6348 19-895(4) 1 

13-81 19-178 

2131-03300 

6361-81 -717 21136164 

13-82 -639 



(3) 852413200 

6375-63 78 127861980 

8-30 64 2131033 

— ^ 1278620 




6383*9,3 14 63931 

8*3 13 2131 

(4) — 213 

1 4 



6A9v2v-6 



Proof... 98375-1 11 



To the above work I have annexed the reverse process of 
finding the cnbe of the root 46-163112, which, yon see, may be 
depended npon as true, np to the sixth decimal place. In the 
first multiplication, which gives the square of the root, I have 
contracted the result to four places : in the next multiplica- 
tion, which gives the cube, the £BM;tors are also arranged for 
four places of decimals ; but, agreeably to the recommenda- 
tion at page 126, only three of these places are preserved, in 
adding up the partial products. The result, you see, fully 
verifies the operation by which the root has been found ; for, 
as the final remainder in that operation is 1, the number 

* The decimal points in the sereral steps of the work iMy be omitted ; 
bat I think it safer to preserve them. 
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actually exhaosted by the process is 98375*11 1. And joq 
may, in general, consider the last decimal of a root deter- 
mined in this manner as true to the nearest unit.* 

(103.) I shall conclude with a few examples, for exercise, 
recommending you to use the contracted method, for deci- 
mals, as soon as you are familiar with the process in its 
uncontracted form. And now having conducted you to this 
point, I think I may presume that you are in full possession 
of every important principle in the elements of Arithmetic 
The remaining few pages will be occupied with certain 
business-calculations, of too easy and obvious a character to 
render it necessary, with your present knowledge, that I 
should accompany them with the same minute details, and 
lengthened explanations, that I have furnished to you in 
what has preceded. If you have only made yourself com- 
pletely master of what has now been taught, you may take 
up any more extensive treatise on Arithmetic, with the fuUest 
confidence, that you will meet with no difficulty beyond your 
powers of successfully contending with. And, what is better, 
you will, I think, have acquired a deeper insight into the 
true principles of arithmetical calculation, than the majority 
of such treatises can afford yon, inasmuch as you will have 
been habituated to think for yourself, to look for reasons as 
well as rulesy and so have been fitted, by the proper mental 
preparation, to enter safely upon any department of science 
you may hereafter feel disposed ta cultivate. 

JSaercises. 
Find the cube* root of each of the following numbers. 



1. 912673 

2. 52734375 

3. 21024576 

4. 80677568161 

5. 411001037875 

6. 7835-8748 



7. 115-29736 

8. 822650 

9. 78314-6 

10. 12345-678 

11. 123-456789 

12. 9, to nine decimals. 



* In marking off the figores to be ditmissed in the contracted portion 
of the operation, it is of course matter of indifierence whether dots be 
employed, as at page 130, or dashes, as in the example above. In 
working with the pen, the latter is the more convenient way ; thongh it 
cannot be used in print without so separating the figures as to drive them 
out of the proper vertical columns. In print, therefore, dots would seem 
preferable ; but when figures faU below those thus dotted, the dots might 
be mistaken for decimal points connected with the latter ; so that, in the 
extraction of root«, it is better to tick off the figures as abora, both in 
printing and in writing. 
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(104.) INTEREST, DISCOUNT, INSURANCE, &c. 

Interest is tbe sum paid for the use of money by the 
borrower, or him who holds it, to the lender, or him who 
deposits it. The consideration agreed upon is usually at so 
much for the use of every XlOO for a year, or, as men of 
business call it, at so much per cent, per annum ; or, simply, 
at so much per cent., per annum^ or per year, being under- 
stood. 

The money lent or deponted is called the Principal ; the 
consideration for £\ 00 for a year, the Rate of Interest ; and 
the principal, together with the interest, for any length of 
time, is called the AvMunt in that time: thus, if XlOO be 
lent under an agreement that JC5 is to be paid for the use of it 
for one year, Uien, JCIOO is the principal lent ; £5 is the 
rate per cent. ; JCIO is the interest for 2 years; and £1 10 la 
the amount in that time. 

The finding of the interest of a given sum of money at a 
given rate per cent, for 1 year, is obviously nothing more 
than a simple Rule-of-Three operation: for, as £100 is to 
the rate, so is the principal lent to the interest upon it ; or, 
as £100 to the sum lent, so is the interest of £100 to the 
interest of the sum. And if the interest, thus determined for 
1 year, be multiplied by any number of years, the product 
will be the interest accumulated in that time ; or, instead of 
multiplying the interest for 1 year by the number of years, 
we may commence by multipljring the principal by that 
number, and make the ttating afterwards. A formal Rule- 
of-Three stating is, however, generally dispensed with, and 
the operation conducted as follows. 

(105.) To find the Interest of a ^ven Sum at a ^ven Rate 
per CenU^for agiwn Number of Years. 

Rule. Multiply the principal by the number of years, 
the product by the rate, and divide the result by 100. 

Note. When the rate is 5 per cent., — a rate very com- 
monly charged, — ^the operation, simple as it is, becomes still 
simpler: for the multiplication by 5, and the subsequent 
division by 100, may be replaced by a single division by 20 - 
so that having multiplied the principal by the number of 
years, the 20th part of the product will give the interest 
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Ex. 1. What is the interest of £587 16f. 4d. for 7 years, 
»t 4, 5, and 6 per cent. ? 



£. i. 

587 16 


4 
7 


£. «. 

587 16 


d. 
4 

7 


£. #. 

587 16 


d. 
4 

7 


4114 14 


4 
4 


2,0)411,4 14 


4 


4114 14 


4 




205 14 


H+U 


\j 


164,58 17 
20 

11x77 
12 


4 


246,88 6 
20 

17v66 
12 

7,92 
4 





5)205 14 8^ 
41 2 11: 


ty 5 per cent. 
;, 1 per cent. 

-, 4 per cent. 
[, 6 per cent 


\f 


9,28 

4 


164 11 9: 
24Q 17 7; 





1,12 3,68 

Hence, the interest at 4 per cent, is £1 64 11«. 9^.+-A^/« » 
at 5 per cent., £205 14#. S^d.'i'^/.; and at 6 per cent., 
£246 17#. 7*«^.+H/ ^e additional work in the middle 
column, shows how the interest at 4 and 6 per cent, may he 
obtained from that at 5 per cent., namely, by subtracting a 
fifth part of the latter interest, for the 4 per cent., and adding 
that fifth part for the 6 per cent. The fraction, f of a far* 
thing, has here been rejected: if it had been retained, the 
quotient by 5 would have been increased by -f^f, ; so that the 
resulting interests for 4 and 6 per tsent. would have been 
increased, the former by -^/., and the latter by ^^f. ; and 
there would have been an exact agreement with the deter- 
minations of the other method. 

I have been thus particular, more for the purpose of showing 
you the strict conformity between the results of different pro. 
cesses than because such minute accuracy is necessary in actual 
practice. Fractions of a farthing are, of course, always dis- 
regarded in bunness ; and in calculations respecting interest, 
pence is in general the lowest denomination noticed. See 
ait 107. 
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2. Find the interest.of £619 9«. 6d. for 1 year, at 5| per 

cent. 

Either of the following three ways may be employed : in 
the last of these, the principal is halved, and the rate doubled. 

£. «. d. £. «. d. £. i. d. 

619 9 6 2,0)61,9 9 6 309 14 9 

5 11 

30 19 11, int. 5 per cent 

3097 7 6 -^13 1 11^, at i ditto. 34,07 2 3 

41 309 14 9 20 

34 1 5, at 5i ditto. 

34,07 2 3 1,42 

20 As 4 is the tenth part of 5, . 12 

—— the tenth part of the interest 

1,42 at 5 per cent is added. 5,07 

12 

— .'.£34 1«.5(?.= interest. 

5,07 

3. What is the interest of £500 for 4 years, at £5 7«. 6d. 
per cent. ? The work is given below in four different ways. 

Here, £5 7*. 6d. = £5f = £5-375 or = V ^• 

£500 £500 £500 £500 

4 4 4 4 



2000 
5| 


2000 
5-375 


2000 
43 


10000 
750 


107,50-000 
20 

10,00 


8)860,00 
£107 10#. 


107,50 
20 





5».=i 
2«.6^.=| 



2000 
5 



10000 
500 
250 



107,50 
20 



10,00 .'.£107 10#.=interest. 

10,00 

In the first of these methods we have to take f of 2000, 
or, since | = i-^h ^® °"^7 ^^® i ^^ 2000, which is the 500 
above, and then add the half of that fourth, namely, 250, 
which gives 750. Instead of multiplying by 4 and by 5 in 
the first and third methods, we may, of course, multiply by 
20 at once. The product of the numbert expressing the 
years and the rate may always be used inst^ of those 
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Dumbors separately, whenerer it is thonght conyenient to do 
eo, as in the next example. 

4. What is the interest and amonnt of £212 10«. 4d. foi 
2^ years, at 2^ per cent. ? 

Here 2^ = V» and 2^^ = |^ /. 2f x2J = V = 7— i- 

£» 8, d. 
212 10 4 
2f 



.£. 


#. 


d. 




£. 


#. 


d. 


212 


10 


4 
7 




8)212 
26 


10 
11 


4 
3* 






1 1 ij 


1487 


12 


4 


SSz^ 


=11x5 




11 



il 26 11 Si 



14,61 I 
20 



^ 



292 



4 2^ 
5 



12,21 
12 

2,52 

4 

2.1 



14,61 1 0^^ twice 2^= 
20 



12,21 
12 

2,52 

4 

»vl 



\ 


425 

106 5 

53 2 


8 
2 

7 


2i= 

2)2 

1 


584 8 


5 

5 


!922 2 


1 


4,61 1 
20 


oi 


12,21 
12 






2,52 

4 





2,1 

Henoe the interest is £14 12#. 2\d»<, and, therefore, the 
amount is £227 2«. 6^. 

(106.) When the Interest for any Number of Dayt is 

required. 

RuLB 1. As 365 is to the namber of days, so is the 
interest for one year to the interest required ; or, since twice 
365 is 730, and since, moreover, in finding the interest for 
1 year, we always have to divide by 100, after multiplying 
by the rate, we may proceed as follows : 

RuLB 2. Multiply twice the product of the principal and 
rate by the number of days, and divide by 73000* 



...I 



-y -^ 
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Ex. 1. What is the interest of £325 10«. for 3 years and 
89 days at 4-i- per cent. ? 

By Rule 1. By Rule 2. 

£m 9* X. #• d. £' #• £• #• 

325 10 365 : 89 : 14 12 11^ 292910-1464 15 

4i 20 89 X 2 



1302 
162 15 

14 64 15 
20 



292 
12 



12 95 
12 

11.40 

4 

160 




26361 
23432 «. 

44 10-10x89 
-£. 9. d. 



126558 
112496 



73000)260 725 10(3 11 5i 
219 

41725 
20 



365)1251518(3428m 
1095 



1565 
1460 



£, 9. d. 

14 12 lU + ^^/.mt.lyr. 
3 



43 18 10^ int. 3 7ra. 
3 11 5i int. 89 days. 



1051 
730 

3218 
2920 

298 



4)3429/. nearly. 
12)857 1/. 
20)7,1 5rf. 



834 510(11 
73 

104 
73 

31510 
12 



378,120(5 
365 

13120 

4 



47 10 3i whole int. 



52.480(1 nearly. 



(107.) In this example, as well as in the examples which 
have preceded, I have been nnnecessarily exact in computing 
the interest to the nearest farthing : but the odd fistrthings are 
disregarded in business-transactions, and interest calculations 
are considered sufficiently accurate when the true results are 
reached to the nearest penny. With this understanding, the 
operation by Rule 2 may be shortened. In dividing by so 
large a number as 73000, the odd shillings in the dividend 
may be disregarded; or, if above I Of., the pounds may be 
increased by a unit. Now, since 73000 X ^uo- 
tient:^dif>idend^ it is plain, that if, by means of any 3)73000 
division-operations upon 73000, we can reduce it 24333 
to unity ^ the same operations upon the dividend 2433 

will reduce it to the qttotient, that is, to the in- 243 

terest for the proposed number of days. The* *> 

number 73000 is reduced to unity, or, as nearly 1*00009 
to unity as is necessary for the degree of accuracy ' 
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required, thus: Divide it bj 3; divide tbe 
result by 10, and then tbe result of this diri- 
Bion by 10, in each case disregarding re- 
mainders. Add up the four numbers, as in the 
margin, and point off five places for decimals. 
The result is 1*00009, which differs from 
unity by a quantity too insignificant to de- 
serve notice. These operations, therefore, per- 
formed upon the dividend^ will give the in- 
terest with all necessary accuracy. Let us, 
for instance, apply them to the dividend 
260730, exceeding that above by £4 lOs., 
the 73000th part of which is of no moment. 
You see that the result is £3 11 «. 5^., as 
before ; and that it differs from the strictly 
accurate conclusion above only by a fraction 
of a farthing. 

It is this method which I would recom- 
mend you always to adopt in computing in- 
terest for days. 

- I here give another example of it, which, 
for variety, is worked in the margin by de- 
cimals. 

2. What is the interest of £956 14#. 6d. 
for 7 days, at 4-)- per cent. ? 

Here, 14s, 6d. is reduced to the decimal of 
a £, and the product by the days multiplied 
by double the rate: the decimal of a £, in 
the resulting product, is rejected, and the ■ 
integral value increased by unit. The answer *82574£ 
is £0 les. ed. 20 

Note. When the interest is 5 per cent, 
then, since the double of the rate is 10, we 
have only to multiply by the number of days, 
and to point off but four places from the 
result of the remai&ing operations. 

(108.) You perceive that the particulars 
concerned in interest-calculations are these four, namely, 
Principal^ Bate^ Time, and Interest; the Amount is merely 
the sum of two of these, the principal and the interest In 
the preceding examples, the three of these which have been 
given to find the fourth are the ^rst three ; but any other 
three being given, the fourth may be found, simply by rever- 
sing one or more of the operations exhibited above. 



d)260730£ 
86910 
8691 
869 

3-57200£ 
20 

11*440«. 
12 

5*28 d 
4 

112/ 

£956-725 



6697-075 
9 

60273-675 

3)60274 

20091 

2009 

200 



16*5148 #. 
6-1776 rf. 
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Ex. 1. In what time will £91 13f. id. unonnt to £105 
6«. 0^. at 4^ per cent. ? 

The principal and amount being given, the intermt is ffivex^ 
namely, £13 12#. S^d, ; and we want to know the nnmber of 
years which has prodnoed this amount of interest. For this 
purpose it is clearly only necessary to divide £13 12«. 9\d. 
by 1 year's interest. 

£. 9. d. £. 9, d, 

91 13 4 13 12 8^ 

4i 20 



366 13 4 
22 18 4 


interest 


272 
12 


389 11 8 
20 

7791 
12 


3272 
2 

1 870) 6545 (3^ years. Ans. 
5610 


935^00 d.j 1 year's 
2 


935 
935 



1870, halfpence. 
2. What principal put out to interest for 3^ years, at 4^ 
per cent., wUl amount to £105 6f . ? 

For a principal of £100, the amount in the given time at 
the given rate is £l00+£4-25x 3*5 = £114*875. Conse- 
quently, since £105 6«.=£l05'3 

114875 : 105-3 :: £100 : £91 13#. Ad. Ans. 

£. £ 
1,1^4,-8,7,5)10530 (91667 
103388 20 



1912 
1149 


13*34 «. 
12 


763 
689 


408(1 


74 
66 




8 
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3. Wliat must be the rate per cent, in order tliat £l42 10«. 
may amonnt to £163 13«. lid, in 4^ years? 

Here the interest is £21 St. 11a., which is what would 
arise from multiplying £142 lOf. by 4^, by the raU^ and 
dividing by 100: consequently, we have only to divide 
£142 10#. by 100, to multiply the quotient by 4^, and then 
to dmde £21 3#. lid. by the result, in order to get the rate. 

There can be no sensible 
error in the rate by making 
the amount £163 14#. in- 
stead of £163 13«. lid. ; in 
which case the interest is 
£21 4#. ss£21*2 : we may 
therefore work thus by de- 
cimals :— - 

£l*425=principal-i-100 



£. 9. 




142 10 




20 






£. #. d. 


2850 


21 3 11 


12 


20 


342,00 


423 


4i 


12 


1368 


5087 


85^ 


2 


1453^X2= 


=2907)10174(3^, rate. 




8721 




1453 




1453 



5-700 
•35625 

£. 

£6,-0,5625)2 1-2(3-5, rate. 
182 



30 
30 

In the second method here given, all those dedmab of the 
divisor have been cut off which, upon multiplication by the 
quotient-figure, would ML to the right of the decimal -2 in 
the dividend, agreeably to what has been taught in contracted 
division, because the decimal -2 is not strictly accurate, al- 
though the error is very minute. 

Baercises. 

1. What is the interest of £9826 13#. 8d. for 1 year, at 

2^ per cent ? 

2. What is the interest of £896, for 2^ years, at 3^ per 

cent.? 

3. What is the interest of £98 19#. 6d. for 11 months, at 

3} per cent ? 

4. What is the interest of £3204 14t. for 87 days, at 5 

per cent ? 
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6. What is the interest of £256, from MajT till Aug. 12, 
at 4^ per cent. ? 

6. What is the interest of £319 Os. 6d, for 5f years, at 

df per cent. ? 

7. What is the amount of £120, from Jan 7 to Sept. 12, 

1852 (leap year) at 4 per cent.? 

8. What princii^ will produce a yearly interest of £341 59. 

at 5 per cent. ? 

9. In what time will £2000 amount to £2280, if lent at 

3^ per cent. ? 

10. If £42 3s. 9d. be reoeived for interest on £11250 for 

1 month, what is the rate per cent, per annum ? 

11. What is the interest of £193 12s. at £11 18#. 6d. per 

cent.? 

12. The amount of money expended for the maintenance of 

the poor by the 607 unions of England and Wales, 
during the year ending at Michaelmas 1850, was 
£3469857, and during the year ending at Michaelmas 
1851 the amount was £3288192; what was the de- 
crease per cent. ? 

13. The population of Great Britain in 1841 was 18664761, 

and in 1851 it was 20936468 : required the increase 
per cent, during the intervening ten years. 

14. The population of Ireland in 1841 was 8175124, and in 

1851, 6515794 : required the decrease per cent. 

(109.) Discount J in the usual meaning of the term, is only 
another name for Interest. In commercial transactions, 
payments are not always made in money^ but often in what 
are called Bills of Exehange or Promissory Notes. These 
are stamped slips of paper, on which engagement is made to 
pay in cash, after the lapse of a specified time. The present 
worth of such a Bill, is that sum of money, paid down, 
wlwch, when put out at the proposed interest for the specified 
time, will amount to just sufficient to pay the Bill when it 
becomes due. Thus, if the Bill be for £105, payable in one 
year, interest being at 5 per cent., then, since £100 present 
money would amount in one year to £105, if placed out at the 
proposed interest, £100 is the present worth of the Bill ; the 
£5 thus allowed for cashing it being the true deduction or 
Discount. But Bankers do not discount Bills on these 
terms : it is not reasonable to expect they should : they must 
make a profit by this as well as by other departments of their 
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businesa, and, therefore, they would charge, as diteaunt, the 
full interest of the £105 for one year, namely, £5 5#. ; so chat 
by discoant, commercial men understand interett upon the 
9um discounted^ during the period for which the payment of 
that sum is delayed ; what remains, after the deduction of this 
discount, is all that is paid down for a Bill, as its present 
worth ; hence, to calculate the discount of a sum of money, is 
the same as to calculate the interest of that sum, the time 
and rate per cent, being ^ven. In Bills, however, three 
days, called days ofgrace^ are added to the time specified for 
pa3rment:* thus, if a Bill be drawn for three months after 
date, and be dated on the Ist of January, it does 'not become 
due till the 4th of April; and the interest or discount is 
accordingly calculated for three months and three days. In 
general, the whole time the Bill has to run is turned into 
days, and the interest computed as at page 160. The fol- 
lowing Table will be found very convenient in calculations of 
this kind. 



T(ible for the Number of Days from any Day in one 
Month to the same Day in another. 

Remember that m Letgf Tear another day is to he added to Fehnuay. 



Janaarf 


Jan. 
365 


Feb. 
31 


Mar. 


Apr. 


May 


Jane 


July 


Aug. 


Sep. 


Oct. 


Nov. 


Dec 


59 


90 


120 


151 


181 


212 


243 


273 


304 


334 


Pebmary 


334 


365 


28 


59 


89 


120 


150 


181 


212 


242 


273 


303 


March .. 


306 


337 


365 


31 


61 


92 


122 


153 


184 


214 


245 


275 


April .. 


275 


306 


334 


365 


30 


61 


91 


122 


153 


183 


214 


244 


May .... 


245 


276 


304 


335 


365 


31 


61 


92 


123 


153 


184 


214 


June. . . • 


214 


245 


273 


304 


334 


365 


30 


61 


92 


122 


153 


183 


July .... 


184 


215 


243 


274 


304 


335 


365 


31 


62 


92 


123 


153 


Aa{i^a8t. . 


153 


184 


212 


243 


273 


304 


334 


365 


31 


61 


92 


122 


Septemb. 


122 


153 


181 


212 


242 


273 


303 


334 


365 


30 


61 


91 


October.. 


92 


123 


151 


182 


212 


243 


273 


304 


335 


365 


31 


61 


NoTemb. 


61 


92 


120 


151 


181 


212 


242 


273 


304 


334 


365 


30 


Deoemb. 


31 


62 


90 


121 


151 


182 


212 


243 


274 304 335 


365 



* The reason of this is, that the law allows the indulgence of three days 
to the acceptor of a bill, as the person on whom it is drawn is called, 
before legal proceedings can be issaed against him for non-payment ; bat 
the bankers ti^e care that the ''indidgence" shall be paid for. The 
acceptor becomes legally responsible for the payment of the bill by simply 
writuag his name across it, by doing which he is said to accept it. 
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Ex. 1. A Bill for £77, drawn on tlie 8th of Mareh, at 
6 months, is discounted on the Srd of June, at 5 per cent. : 
required the discount 

The 6 months expire on the 8th of September ; therefore 
the Bill becomes dtie on the 11th of September. From the 
Srd of June to the 3rd of September is 92 days, and, there- 
fore, to the 11th of September it is 100 days. The interest 
of £77, at 5 per ceut., for 100 days, is found, by the method 
already taught, to be £l Is. l^e^., the discount required. 

The following example is one belonging to a class of cases 
of frequent occurrence in business. 

2. A Bill for £500 was due Feb. 2, 1851 : of this som, 
£80 was paid, March 9 ; £115, May 15 ; £25, June 1 ; and 
the balance, namely £280, Aug. 14 : what interest was due 
at 5 per cent. ? 

£ £ 

1851, Feb. 2 Due 500x35 = 17500 3)71545 See p. 160. 
Mar. 9 Paid 80 23848 



2384 

420x67 = 28140 238 

May 15 115 

£9-8015 

305x17= 5185 20 

June 1 25 



£9 16 8. Int. due. 



280 X 74 = 20720 

Aug. 14 280 

71545 

JSIaercises. 

1. What is the present worth of a Bill drawn on the 10th 

of January, 1852 (leap-year), at three months, for 
£1264 Us. 8^., at 4 per cent. ? 

2. How much cash must be received for a Bill for 

£218 Us. Sd.^ drawn on the 14th of August, at 4 
months, and discounted on the 3rd of October, at 4 
per cent. ? 

3. How much must be received for a Bill for £568 12s. 9d.y 

dated April 27, at 7 months, and discounted June 3, 
at 5 per cent. ? 

4. What is a Bill for £1570 10s. 6d. worth on the 10th of 

January, supposing it to have been drawn at 5 montlis 
on the 30th of the preceding December: interest 3^ 
per cent ? 
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5. A Bill for £39 5#. falla due on the Ist of September, but 

payment is offered on tbe 3rd of July preceding : what 
cash should be paid, the discount being at 5 per cent. ? 

6. A Bill for £150, drawn 11th of July, at 3 months, was 

discounted Sept 1st, at 5^ per cent. : how much did 
the holder of it receive ? 

7. A Bill for £500 was due Feb. 2, 1851, of which £80 was 

paid on the 9th of March following; £115 on the 15th 
of May; £25 on the Ist of June; and the balance on 
the 14th of August : how much interest at 5 per cent, 
was due? 

NoTS. Tbe present worth of the bins in the foregoing examples is what 
remains after deducting the banker* 9 duetnmi, whidi, as yon luiTe already 
been told (page 163), includes his profit, and is more than the true dis- 
count, llie rule for thig is as foUows : — 

As ;f 100 increased by the interest for the time, that is, as the amount 
of ^100 is to i^lOO, so is the amount of the bill to its true present worth ; 
as is obvious. 

If bills were drawn at a yerr long date, the banker's discount would be 
enormous. Thus, a bill of xlOO at 20 years, allowing 5 per cent, (the 
usual rate), would produce nothing; for the interest, or banker's discount, 
would be just ^100. And if it were not made payable till 40 years, the 
holder of it would have to glTe ;^100 to the banker to take it off his 
hands 1 The bankers' principle, therefore, when applied to such long 
periods, is manifestly unjust and absurd ; but as bills are generally made 
payable within a few months, the banker's discount exceeds the true 
discount by no more than what may be considered a reasonable profit on 
the transaction. It must be remembered, too, that the discounter runs 
tome rUk, so that although long bills are apparently more profitable than 
short ones, yet bankers are less inclined to discount the former than the 
latter. 



(110.) Brokerage, Commission, Insurancbi &c. 

Commercial and money transactions are seldom conducted 
on a large scale, except through the agency of a third party, 
who is paid so much per cent, for his services. The sum of 
money engaged in the transaction, and the agent's per-centage 
being given, the whole allowance to the agent is, of course, 
computed in the same way as interest is computed, from 
which, indeed, it differs only in name, and in being generally 
free from considerations of time. If goods or merchandise lie 
bought or sold through an agent or factor^ the per-centage on 
the money is called Commission. If money hi employed 
through an agent in discounting BilLsi in the> purcluuse of 
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Shares in a trading company, or in the public funds or 
Stocks ; or, if an agent dispose of such money interests for 
another, the per-oentage he receives is called Brokerage; 
and he himself is a Bill-broker, a Share-broker, a Stock- 
broker, &c. 

Insurance is the name ^ven to what is paid to an In- 
surance Office, at the rate of so much per cent, on the value 
of property exposed to loss by Fire, Shipwreck, &o. The 
parties who agree to compensate for the loss, are the In- 
surers (or, in the case of ships. Underwriters, from their 
undersigning the agreement) ; the party protected is the In- 
sured^ the money paid for the protection, the Premium; 
and the parchment, which binds the parties to the contract, 
the Policy. Life Insurance, or Life Assurance, is of a simi- 
lar nature : it secures the payment of a specified sum when 
the cLssured dies, upon his paying so much per cent per 
annum on that sum. during his life, or a sum down, equivalent 
to the anntuU premium. Whatever be the name given to 
the agent employed, or to the service performed, it is plain, 
that the allowance on a specified sum of money, at a specified 
rate per cent., can involve no calculations different from those 
which come under the head of Interest: a few examples, 
therefore, will be all that need be given here, special rules 
being unnecessary. 

Ex. 1. A factor sells £. #. d» 
merchandise to the amount 25^75 17 6 
of £2575 17*. 6^., and 20 
charges 4*. per cent, for — £,, $, d. 
commission: how much is 15^17 5)25 15 2 
to be paid him? 12 

Here, the interest, or £5 3 0^. Ans 

commission, at 1 per cent. 2^10 _^_ 

is £25 I5s. 2d. ; therefore, 
that at 4s. per cent is a fifth part of this, or 
£5 Ss. O^d. 

In such small per-centages it is not worth £, s. 

while to take accouut of the odd pence in the 5)2575 17 
sales ; so that dividing £2575 17'. by 5, for ■ 

the \ per cent., and disregarding the pence in 5^15 3 

the quotient, we may proceed as in the margin. 20 

In the next example, too, the 9d. may be ■ 

omitted in finding the broker's charge, which 3^03 

would be 14f. 5d» •'•£5 3f.=s Commission. 
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2. How mncb money 

will pnrchase £575 10«. £. #. £. i. 

Bank Stock, worth 131 f 4)575 10 575 10 

percent., and how much 8 182 14 



must be paid to the 

Stock-broker, who charges 4604 £758 4 5 

^ per cent., that is, 2#. 6d. 4 

per cent., on the stock 

purchased? 18416 £. #. d 

Here, to find the pur- 143 17 6»-r2 = Jl 18 9 

chase-money, it is plain, 20 

that we shall only have to 182 J2 2 6 

add to £575 10*., the in- 20 14,38 

^re*^ofit at 31 f percept.: 12 

this interest will be best 14^42 

found by taking 32 per ^2 455 

cent., and deducting \ per 4 

cent., as in the margin : the \^^ 

purchafle-money is thus 2,60 

found to be £758 4#. 5d.^ and the broker's claim, 14«. 4fd^ 
which is ^ of £575 10*., divided by 100. 

NoTB. Those who purchase stock, purchase nothing more than a claim 
to a certain amount of interest, payable half-yearly. Stocks are of 
different kinds, not only as to the names they bear, but as to the rate of 
interest paid to the purchaser. If stock yield a high rate of interest, it 
is proportionally dear ; and more than ^100 in money must be given for 
;6'100 stock, when the interest the latter yields is more than can be got 
for ^100 in money. Although property in stock cannot be taken out, it 
can always be told out with but little trouble. The prices of stock, of 
whatever kind, varies Irom time to time, sometimes rising and sometimes 
falling, like other purchasable commodities ; the fluctuations, however, 
re usually inconsiderable, except when the tranquillity of the country is 
in danger; funded property then becomes insecure, and stocks fall in 
proportion to the alarm. 

3. A cargo, worth £3800, is to be insured at 5 per cent. : 
for what amoant must the insurance be effected, so that, in 
case all should be lost, the owners may recover both the 
value and the premium paid ? 

For an insurance for £100, a premium of £5 must be 
paid ; this being deducted, leaves £95 ; so that an insurance 
for £100 can cover a loss of only £95 : therefore, to find 
what insurance can cover a loss of £3800, we have the pro- 
portion, £95 : £100 :: £3800 : £4000, the amount to be 

* The half of this is ^th of£b7b Ok. 
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insured. And in this waj is the insoranoe to coyer loss and 
premium always to be found; namelj, as £100 diminished 
by the rate : £lOO :: value of the property : the sum to 
be insured. If there be any other per-oentage, as for com- 
mission, policy, &c., it must be deducted from £100 in the 
same way. 

Exercises. 

1. What is the commission on £3698 12«., at 3^ per cent. ? 

2. If a person sell out £600 stock,- when the price of it is 

8df per cent, how much will he receive after paying 
\ per cent on the stock sold for brokerage ? 

3. What amount must be insured to cover £1880, together 

with the premium of £5 5s. per cent., Ss, per cent for 
the policy, and \ per cent, for commission ? 

4. What amount must be insured on £1938 12s, 6d. at 5f 

per cent, so as to provide also for the premium ? 

5. What is the commission on £876 5s» lOd. at 3f per cent.? 

6. What is the brokerage on £372 7'. ^d. at 4s, 6d, per 

cent? 

7. How much must be given for £912 I4s. stock, at 127| 

per cent ? 

8. Required the brokerage on the purchase of £11675 17s, 

stock, at J per cent 

9. What will it cost to purchase £7391 14#. 9d, stock, the 

price being 86^, and the brokerage ^ per cent ? 
10. Find the expense of insuring a cargo worth £850, at 
£2 12#. 6d, per cent., policy duty 5s. per cent., and 
commission ^ per cent 



(111.) COMPOUND INTEREST. 

All the preceding calculations respecting interest proceed 
on the supposition that the interest is actually paid when due. 
If, however, the interest be withheld for any time, then this 
interest so withheld becomes a new principal, and itself pro- 
duces interest The whole interest tlius accunmlated in any 
time is called compound interest; while that which arises 
solely from the original principal, and which has been the 
subject of the preceding articles, is, for distinction, called 
simple interest. An example wiU be sufficient to show you 
how compound interest may be calculated ; but as the work, 
though made up of very easy and obvious steps, becomes 
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tedioos and lengthy when 
those steps are nnmeroosy 
tables, have been contrived to 
save the labour. To these I 
must refer jou for expedi- 
tious calculation; but the 
example worked in the mar- 
gin, namely, to find the com- 
pound interest of £550, at 5 
per cent, when the simple 
interest, which should be paid 
yearly, is withheld or /or- 
borne 4 years, will fully put 
you in possession of the mode 
of proceeding without tables. 
The simple interest for the 
first year, computed in the 
usual way, instead of being 



£. #. d. 

20)550 

27 10 intlstyr. 



20)577 10 amount. 

28 17 6 c. int2ndyr. 

20)606 7 6 amount. 

30 6 4^ c. int. drd yr. 



20)636 13 10^ amount 

31 16 8| c int 4th yr. 

668 10 6| amount 
550 original prin. 

118 10 Ofcompd. int 



paid, is added to the principal ; the amount is the principal 
for the second year, the interest of which is the compound 
interest of the original principal for the second year, and so 
on till the expiration of the 4th year, when the amount be- 
comes £668 10«. 6|e^., which, diminished by the original 
principal, leaves £118 10s, 6^(1. for the whole compound 
interest: — the same sum that we should get by adding the 
interest for the several years together. The simple interest 
of the proposed sum would be 4 times £27 10^., or £110 ; so 
that the difference is £8 lOs. 6}(^. 



(112.) PROPORTIONAL PARTS. 

Many useful and interesting questions depend for their 
solution upon the division of quantities into parts, having 
specified ratios to one another. I shall here give you a short 
article on the mode of efiecting this division. 

To divide a Quantity into Parts^ aiich that any one Part 
shall he to another^ as one given Number to another. 

Rule. As the sum of the given numbers, is to any one of 
them, so is the whole quantity to be divided, to the part cor- 
responding to that number* 
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For example : suppose it were required to divide £80 into 
ibree parts, that should bear to one another the same relations 
its the numbers 2, 3, and 5. The parts would be found as 
follows. 10 : 2 :: £80 : £16; 10 : 3 :: £80 : 24; 

10 : 5 :: £80 : £40. 

The required parts are therefore £16, £24, and £40 ; which 
lijgt)ther make up the £80, and which obviously bear the 
I It oposed relation to one another; namely, £16 : £24 :: 2 : 3; 
£16 : £40 :: 2 : 5; £24 : £40 :: 3 ; 5. It is scarcely 
nocossary to tell you, that when all the parts but one are 
(liu£ found by proportion, that one may be got by subtracting 
the t^um of all the others from the tohole. 

The principle of the rule can scarcely require any expla- 
uatioii to a person familiar with proportion : the sum of the 
parts of a quantity, and the sum of the parts of a number, 
are given; the subdivisions of the number are also known; 
and, since the whole of anything is to a part, as the whole 
of another thing to a like part, the sufficiency of the role is 
obyious. 

JSxereises^ 

1. Three traders, A, B, and C, contribute the following sums 

to the business: A, £500; B, £650 ; and C, £700 : 
the year's profits are £555. Eequired each person's 
share of them. 

2. Gunpowder is composed of nitre, charcoal, and sulphur, 

thus : nitre, 76 parts ; charcoal, 14 ; sulphur, 10 ; how 
much of each is used in 1 cwt. of gunpowder ? 

3. How much pure gold, and how much alloy, are contained 

in a guinea ? (See p. 39.) 

4. Standard silver contains 37 parts of pure silver, and 3 

of copper : how much of each ingredient is there in 
£1 7«. 6d. ; 1 lb. troy being coined into 66 shillings? 

5. 100 lbs. of pure water contain 88-9 parts of the gas called 

oxygen, and the remaining ll'l parts of the gsis called 
hydrogen : what weight of each is there in a cubic 
foot, or 1000 oz. of water? 

6. A bankrupt owes A £120; B, £80 ; and C, £75: he pos- 

sesses £165, which he is anxious to divide equitably: 
how much should each creditor receive ? 

7. Pewter is composed of 112 parts of tin, 15 of lead, and 6 

of brass : how much of each enters into the composition 
of 1 ton of pewter ? 

i2 
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8. A person bequeathed in his will, £140 to A ; 100 guineas 
to B; 80 guineas to C; £70 to D; and £60 to E: 
but, at his death, the whole amount of his property 
was but £311 15t. : how much of this should A, B, 
C, D, and E. receive ? 



(113.) THE CHAIN RULE. 

The Chain-Rule is a compendious rule for working ex- 
amples which iuYolve seyeral Rule-of-Three statings; and 
by which, questions in Compound Proportion may be other- 
wise briefly solved. The following is an example of it. 

If 3 lbs. of tea be worth 8 lbs. of coffee, and 5 lbs. of coffee 
worth 18 lbs. of sugar, how many lbs. of sugar should be 
exchanged for 20 lbs. of tea ? 

Here, by two simple statings, 

3x5 

we have 8 lbs. coffee : 5 lbs. coffee :: 3 lbs. tea : — ^— lbs. tea; 

o 

j3x5,, ^ .oniu X .. ^oiv 8x18x20,, 

and -^ lbs. tea : 20 lbs. tea :: 18 lbs. sugar : — - — - — lbs. 
8 o X 5 

sugar ; but, by the chain-rule, the particulars would be ar- 
ranged thus: 

3 lbs. tea = 8 lbs. coffee, 
5 lbs. coffee =18 lbs. sugar, 
haw many lbs. sugar = 20 lbs. tea ? 
where no two commodities of the same kind occur in the 
same column ; and then, by dividing the product of the num- 
bers in the complete column by the product of those in the 
column which the anstcer would make complete, the number 

8 X 18 X 20 
which expresses the answer is obtained ; namely, — - — ~ — 

=s 192, .*• 192 lbs. sugar is the answer. 

JSxercUes* 

1. If 3 lbs. of pepper be wi)rth 4 lbs. of mustard, and 5 lbs. 

of mustard be worth 12 lbs. of candles, how many 
pounds of candles should be exchanged for 20 lbs. of 
pepper? 

2. If 5 lbs. of tea be worth 12 lbs. of coffee, and 9 lbs. of 

coffee worth 28 lbs. of sugar, and 13 lbs. of sugar 
worth 18 lbs. of soap, how many lbs. of soap may be 
had for 7 lbs. of tea? 
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8. £1 sterling s= 420^. Flemisb, 5Sd. Flemish s 1 orown of 
Venice, 10 orowns Yenioe = 6 Venetian dacat«, 1 ducat 
=s 860 meryadies Spanish, and 272 roervadies = 1 
Spanish piastre : how many piastres s= £1000 sterling ? 
The above rale is chiefly used in questions like this last, 
relating to exchanges with foreign coontries ; nnmeroos ap- 
plications of it, to matters of this nature, are given in Kelly's 
Universal Cambist, vol. il. 



(114.) DUODECIMALS. 

You already know that the common notation of Arith- 
metic is called the deeinud notation^ because tlie local value 
of every figure of a number expressed in that notation 
diminishes at a ten-fold rate, as it is removed from place to 
place towards the right. If the diminution were at a ttoelve^ 
fold rate, the notation would be the duodecimal notation. 
In the measurement of lengthi^ the denominations feet and 
inches do actually descend in value, in this way : — an inch 
being the twelfth part of a foot ; so that, for the purposes of 
Mensuration^ it is convenient to have a duodecimal arith- 
meticj at least for the operation of multiplication. 

In the decimal notation, 16*8, means 16 16 3 

and 8 tenths: if these were twelfths instead 7 9 

of tenths, we might write the number thus: 
16 8, leaving a gap between the two deno- 
minations; and, in multiplying this by any 
number in the same notation, it is plain, that 
we may proceed just as with decimals, pro- 
vided we take care to carry twelves instead 
of tens: thus, to multiply 16 8 by 7 9, we 
should say, 9 times 8 are 27 ; 8, and carry 2 
twelves: 9 times 16 are 144, and 2 are 146; 
which is 12 twelves^ and 2 : 7 times 8 are 21 ; 
9, and carry 1 : 7 times 16 are 112, and 1 are 
118: so that the product is 125, 11 twelfths 
of one of the units in the 125, and 8 twelfths 
of one of the units in the 11. If we were to 
work by common arithmetic, we should, of 
course, get the same thing : thus, 1 6^ x 1^ = 
W X -H > ^^^ ^^^^ operation performed, as in 
the margin, gives the above result, namely, ^^^W 

125H+iVofA- 



12 2 
118 9 


3 


125 11 


3 


195 
93 

585 
1755 




12)18135 




12) 1511^ 



ft' 


tfi. 




22 


5 




16 


11 




138 


8 




22 






20 


6 


7 


379 


2 


7 
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In our mnltiplicand, 16 3, aboTe, ihe 16 might have been 
the number of feet in the length of a floor or wall, and the 3, 
the nnmber of inches besides ; and the multiplier, 7 9, might 
have been, in like manner, the number of feet and inches in 
the width or height: the first principles of Mensuration 
show us, that the product, namely, 125 11 3, would be the 
number of square feet, twelfths of a square foot, and twelfths 
of a twelfth, that is, t^t^^'^ ^' square inches, in the eur- 
face of that floor or wM. The twelfths of 
a square foot are called parts ; so that the 
measure of the surface in question would be 
125 sq. ft., 11 pts., 3 sq. in. Suppose, for 
instance, it were required to find the measure 
of a ceiling, which is 22 ft. 5 in. long, and 
16 ft. 11 in. wide: a workman would com- 
pute the surface, as in the margin, using the 
number in the multiplier, connected with the 
higher denomination, firsts instead of second, 
as above ; and he would thus find the surface 
to contain 379 sq. ft., 2 pts., 7 sq. in. (See the remarks at 
p. 62.) 

ExerciseM. 

Find the tur/aee'measures from the following linear 
measures, 

1. Length, 32 ft. 9 in. ; breadth, 8 ft. 3 in, 

2. Length, 20 ft. 6 in. ; breadth, 17 ft 9 in. 

3. Length, 65 ft. 10 in. ; breadth, 29 ft. 6 in. 

4. Length, 97 ft. 9 in. ; breadth, 1 6 ft. 6 in. 

5. Length, 75 ft. 9 in. ; breadth, 17 ft. 7 in. 

6. Length, 97 ft. 8 in. ; breadth, 8 ft. 9 in. 

7. Length, 59 ft. 6 in. ; breadth, 3 ft 11 in. 

8. Length, 87 ft 5 in. ; breadth, 35 ft. 8 in. 
Examples such as these belong more properlj to Men- 
suration. I give them here, as a conclusion to this Rudi- 
mentary Treatise on Arithmetic, in order that you may have 
a little experience, before commencing the subject just named, 
in what is commonly, but improperly, called the multiplica-* 
tion of length by length, or by width ; and, at the same time, 
be furnished with a practical illustration of the remarks at 
p. 62. 
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MISCELLANEOUS EXAMPLES. 

t. What decimal of a £ is £^^ and what fraction of a 
shilling is '625$. ? 

2. What fraction of a half-crown is 2-^, ? 

3. What is the interest of £400 at 3^ per cent, for 2^ years 

and 5d days ? 

4. What is the interest of £712 6#. for 8 months, at 7^ per 

cent.? 

5. Required the price of 73 lbs. 5 os. 15 dwt. of silver, at 

5s. 9d. per oz. 

6. How much must be paid for the carriage of 8 cwt. 3 qrs.' 

7 lbs., if 10^. be charged for 1 stone of 1 4 lbs.? 

7. How many men will be sufficient to dig a trench 135 

yards long in 8 days, when it is known that 16 men 
can dig 54 yards of it in 6 days ? 

8. What is the price of 7985 articles at 7s. I0\d. each? 

9. What does the commission on £530 2#. 9d. amount to at 

2#. 6d. per cent. ? 

10. What is the worth of £4563 10#. Bank Stock, at 127| 

per cent. ? 

11. If 5 cwt. 3qr. 14 lbs. be bought for £9 8^., and sold for 

£ll 188. llti?., what is the gain per cwt.? 

12. If the prime cost of an article be at the rate of £4 16^. 

per cwt., how much per cwt. must it be sold at to pro- 
duce a gain of 15 per cent. ? 

13. What sum of money will produce as much interest in 

3^ years as £210 3#. will produce in 5 years and 5 
months, at the same rate per cent. ? 

14. At the battle of Bunker Hill, in America, the roar of the 

cannon was so distinct at Hanover, 120 miles distant, 
that business was for a time suspended there ; how long 
was the sound in travelling ? 

15. A cistern holding 400 gallons is supplied by a pipe at 

the rate of 7 gallons in 5 minutes, but a gallon leaks 
out every 3 minutes ; in what time will it be full ? 

16. What is the least common multiple of 12, 26, 56^ and 

182? 

17. At Tihat time between 9 and 10 o'clock are the hour and 

minute hands of a watch exactly together ? 

18. Find the square-root of 29929, and the cube-root of 

228099131. 
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1ft. Required the Talnes of i/78314 and v^JJ. 

20. How loDg will it take to coont a million, at the rate ol 

100 a minute, for 10 hours a day? 

21. If .561ba. of bread be suffident for 7 med 14 dajs, faon 

mDCh will serve 21 men 3 days? 

22. Find the values of 73", 27*, and ^5719140625. 

23. Iff oz. avoinlupiiis cost f«., what will |lb. oostf 

24. How much Stnck, at lllf per cenL, can be pnrchaaed 

for £10000! 

25. What decimal of 1 lb. avoirdnpois is 7 drams t 

26. What dilt'ere&ce is there between the Banker'* discount 

of £350, at 4 per cent., for 8 years, and the tnu dis- 
count of the same anm, for the same time, and at the 
same rate per oent. ? 

27. For what sum mutt an insniance be efiected, in order to 

cover a loss of £3500, together with the premium of 
£3 S». per cent. 1 

28. What is the interest of £51-425, at 4-125 per cent. ? 

29. What sum of money will produce £'35 inter«>Ht in If 

year, at 4 per cent. ? 
SO. A Bill of £170 was due August 12, and left unpaid till 
Sept 18, when £54 was paid: the balance remained 
till Oct. 17, when £56 was paid; and, finally, the 
whole wae settled Nov. 14: how moch interest was 
due at 5 per cent. ? 

31. How much sugar, at Hd. per lb., ought to be given in 

exchange (in barter, as it is called) for 17cwt. of 
cheese, at £3 lOf. per cwt. ? 

32. If 7 gallons of brandy be worth 9 galloQB of rum, and 

9 gallona of mm worth 12 gallons of geneva, what is 
the price of a gallon of each separately, when the three 
gallons together cost £2 2». Bd. ? 

33. What is the true present worth of £357 10*., due 9 

niimlhs hence, interest being 5 per cent.? 

34. Wlmt are the values of v^27A- y^, and v'fHf— 

Sa. Required the values of i^f and J/7f to six decimals. 

36. A peri<r,n has but £100 to pay the following sums; 

namely, to A, £48 15*. ; to B, £72 10*. ; and to C, 
£84 13«. id. : what share ought to be ptud to each t 

37. If A can do a piece of work in 10 days that B can do in 

13, in what time can they do it together? 
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88. How many square yards are ibere in a piece of ground 
864 ft. 3 in. long, and 62 ft. 6 in. wide? 

3i. What is the pI:^mium of insurance on iB675 11#. 8J. at 
£5 ld«. 9(2. per cent ? 

40. Two persons, A and B, enter into partnership ; the stock 

of A, £280, is employed for 5 months, and that of B, 
£266 13f. Ad^ for six months; the profits are £331 
12«. M,i divide them equitably.* 

41. Three persons, A, B, and C, trade in concert; A con- 

tributes £89 b9, for 5 months; B, £92 15«. for 7 
months; and C, £38 10«. for 11 months; how should 
the profits, namely, £86 16#., be divided? 

42. Multiply -134786 by -288793 to as many places as can 

be depended upon; the last decimal in each factor 
being only approximately true. Also, divide 14 by 
-7854, the last decimal being only approximately true. 

43. How much tin and copper is a bell of 150 lbs. compose<i 

of, there being in it three times as much copper as tin ? 

44. Proof spirits contain 48 parts of pure spirit, and 52 of 

water ; how much of each is there in 84 gallons of proof 
spirits? 

45. At what rate per eent will £956 amount to £1314 10^. 

in 7^ years, simple interest ? 

46. If 3 lbs. of tea be worth 7 lbs. of coffee, and 13 lbs. of 

coffee worth 48 lbs. of sugar, and 15 lbs. of sugar worth 
28 lbs. of soap ; how many lbs. of soap are 6 lbs. of tea 
worth ? 
47* A guinea is g^ven to be divided among four persons. A, 
B, C, and D, with the direction that A is to have ^ ; 
^9 i > ^9 i > >^^ 1^9 i- ; ^Q^ lu this di^dsion is found to 
be impossible, find how the division must be made, so 
that each may receive his proper share. 

* Tliis is the same as if A contributed 5 times jf280 for one month, 
and By 6 times jf266 13r. 4<i. for one month ; and in all (joestions of this 
kind, the som contrihated bj each partner being mnltipUed bj the nam- 
ber of months it was onployed, the shares of the profit most be propor- 
tional to the resulting products. In like manner, the interest of a sum 
to be paid in 5 montibs is the interest of 5 times that sum to be paid in 
1 month, and so on ; so that if different sums are to be paid at dUfferent 
times, then if we midtiplj each sum bj the number of months, or weeks, 
&c., which are to eUpse before payment is to be made, and then divide 
the sum of the products bj the sum of the bills, the quotient will be what 
IS called the equated time in which all should be paid if they are paid a 
once. Examples 50 and 51 illustrate this prindple. 
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48. Wliat is the net weight of 152 cwt. 1 qr. 3 lbs., 10 lbs. per 

cwt. being allowed for tare^ and -^ of what remains for 
tret ? See page 96. 

49. If the rents of a parish amount to £2340 17s. 6d., and a 

rate of £137 10«. Sd, be leried, what portion of it 
must be paid by an estate of which the rental is 
£143 9s, lOd.'i 

50. A person engages to pay a debt of £2330 as follows : 

£630 in 5 months, £300 in 6 months, £500 in 7 
months, and the remaining £900 in 8 months ; but he 
afterwards proposes to pay the whole in one sum ; in 
what time should it be paid ? * 

51. Goods are purchased on the following conditions, namely, 

that £50 are to be paid on the 1st of May, £64 on the 
4th of June, £86 on the 1st of August, and £90 on 
the 5th of September ; when should these sums be paid, 
if all are paid at once ? 

52. A ship's company take a prize of £4000, which is to be 

dirided amongst them in proportion to their pay, and 
the time they have been on board. There are 6 officers, 
who have £6 a month each, and hare been on board 
6 months ; 1 2 midshipmen, who hare £2 a month each, 
and have been on board 4 months; 110 sailors, who 
have £l lOs, a month each, and have been on board 
3 months ; what share of the prize must each receive ? t 

'*' Agreeably to what is said in the foot-note, p. 177) we should mul- 
tiply /630 by 5, jgSOO by 6, £bOO by 7, andi:900 by 8 ; but it is better 
to find how long qfter 5 months (the shortest of the periods) the whole 
payment should be made ; as then the multipliers, instead of 5, 6, 7, and 
8, will be only 1, 2, and 3, applied respectively to the sums after the first. 

t This question may be worked by the same principle as that employed 
in the solution of the two preceding questions, combined with the prin- 
ciple of art. (112). The claim of the 6 officers at £6 a month, is the 
same as would be the claim of 6 x 6 officers at £1 a month'; and the claim 
of these for 6 months' service is the same as would be the claim of 6 x 6 
X 6 officers for 1 month's service. And the learner will observe, that the 
mode of solution recommended in this and in the two preceding questions 
is only a modification of the double rule of three, combined with the rule 
for proportional parts. 
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A TABLE 

Of- those Factors of the Composite Numbers from 75 to 10000, 
which fall within the Limits of the Multiplication Table, 



No. 


-I 
Factors. i 


No. 


1 
Factors. 


No. 


Factors. 


75 


5 


5 


3 


405 


9 9 


5 


1029 


7 7 


7 3 


98 


7 


7 


2 


432 


12 9 


4 


1056 


12 11 


8 


105 


7 


5 


3 


441 


9 7 


7 


1078 


11 7 


7 2 


112 


8 


7 


2 


448 


8 8 


7 


1089 


11 11 


9 


125 


5 


5 


5 


462 


11 7 


6 


1125 


9 5 


5 5 


126 


9 


7 


2 


484 


11 11 


4 


1134 


9 9 


7 2 


128 


8 


8 


2 


486 


9 9 


6 


1152 


12 12 


8 


135 


9 


5 


3 


495 


11 9 


5 


1155 


11 7 


5 3 


147 


7 


7 


3 


504 


9 8 


7 


1176 


8 7 


7 3 


154 


11 


7 


2 


512 


8 8 


8 


1188 


12 11 


9 


162 


9 


9 


9S 


525 


7 5 


5 3 


1215 


9 9 


5 3 


165 


11 


5 


3 


528 


12 11 


4 


1225 


7 7 


5 5 


168 


8 


7 


3 


539 


11 7 


7 


1232 


11 8 


7 2 


175 


7 


5 


5 


567 


9 9 


7 


1296 


12 12 


9 


176 


11 


8 


2 


576 


12 12 


4 


1323 


9 7 


7 3 


189 


9 


7 


3 


588 


12 7 


7 


1331 


11 11 


11 


192 


12 


8 


2 


594 


11 9 


6 


1344 


8 8 


7 3 


196 


7 


7 


4 


605 


11 11 


5 


1372 


7 7 


7 4 


198 


11 


9 


2 


616 


11 8 


7 


1375 


11 5 


5 5 


216 


12 


9 


2 


625 


5 5 


5 5 


1386 


11 9 


7 2 


224 


8 


7 


4 


648 


9 9 


8 


1408 


11 8 


8 2 


225 


9 


5 


5 


672 


12 8 


7 


1452 


12 11 


11 


231 


11 


7 


3 


675 


9 5 


5 3 


1458 


9 9 


9 2 


242 


11 


11 


2 


686 


7 7 


7 2 


1485 


11 9 


5 3 


243 


9 


9 


3 


693 


11 9 


7 


1512 


9 8 


7 3 


245 


7 


7 


5 


704 


11 8 


8 


1536 


8 8 


8 3 


252 


12 


7 


3 


726 


11 11 


6 


1568 


8 7 


7 4 


256 


8 


8 


4 


729 


9 9 


9 


1575 


9 7 


5 5 


264 


11 


6 


4 


735 


7 7 


5 3 


1584 


12 12 


11 


275 


11 


5 


5 


756 


12 9 


7 


1617 


11 7 


7 3 


288 


12 


12 


2 


768 


12 8 


8 


1694 


11 11 


7 2 


294 


7 


7 


6 


784 


8 7 


7 2 


1701 


9 9 


7 3 


297 


11 


9 


3 


792 


12 n 


6 


1715 


7 7 


7 5 


308 


11 


7 


4 


825 


11 5 


5 3 


1728 


12 12 


12 


315 


9 


7 


5 


847 


11 11 


7 


1764 


9 7 


7 4 


324 


9 


9 


4 


864 


12 9 


8 


1782 


11 9 


9 2 


336 


12 


7 


4 


875 


7 5 


5 5 


1792 


8 8 


7 4 


343 


7 


7 


7 


882 


9 7 


7 2 


1815 


11 11 


5 3 


352 


11 


8 


4 


891 


11 9 


9 


1848 


11 8 


7 3 


363 


11 


11 


3 


896 


8 8 


7 2 


1875 


5 5 5 


5 3 


375 


5 


5 


5 3 


924 


12 11 


7 


1925 


11 7 


5 5 


378 


9 


7 


6 


945 


9 7 


5 3 


1936 


11 11 


4 4 


384 


8 


8 


6 


968 


11 11 


8 


1944 


9 9 


8 3 


385 


11 


7 


d 


972 


12 9 


9 


2016 


, 9 8 


7 4 


392 


8 


7 


7 


1008 


12 12 


7 


2025 


9 9 


5 5 


396 


11 


9 


4 


1024 


8 8 


8 2 


2048 


8 8 


8 4 
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No. 


Factors. 


No. 


FactOTB. 


Vo. 


Factors. 


2058 


7 


7 


7 


6 


3872 


11 11 


8 


4 


6468 


12 11 7 7 


2079 


11 


9 


7 


3 


3888 


9 9 


8 


6 


6534 


11 11 9 6 


2112 


11 


8 


8 


3 


3969 


9 9 


7 


7 


6561 


9 9 9 9 


2156 


11 


7 


7 


4 


3993 


11 11 


11 


3 


6615 


9 7 7 5 3 


2178 


11 


11 


9 


2 


4032 


9 8 


8 


7 


6655 


11 11 11 5 


2187 


9 


9 


9 


3 


4096 


8 8 


8 


8 


6776 


11 11 8 7 


2205 


9 


7 


7 


5 


4116 


12 7 


7 


7 


6804 


12 9 9 7 


2268 


9 


9 


7 


4 


4125 


11 5 5 


5 


3 


6860 


10 7 7 7 2 


2304 


9 


8 


8 


4 


4158 


11 9 


7 


6 


6875 


11 5 5 5 5 


2352 


8 


7 




6 


4224 


11 8 


8 


6 


6912 


12 9 8 8 


2376 


11 


9 


8 


3 


4235 


11 11 


7 


5 


7056 


9 8 7 7 2 


2401 


7 


7 


7 


7 


4312 


11 8 


7 


7 


7128 


11 9 9 8 


2464 


11 


8 


7 


4 


4356 


11 11 


9 


4 


7168 


8 8 8 7 2 


2475 


11 


9 


5 


5 


4374 


9 9 


9 


6 


7203 


7 7 7 7 3 


2541 


11 


11 


7 


3 


4375 


7 5 5 


5 


5 


7392 


12 11 8 7 


2592 


9 


9 


8 


4 


4455 


11 9 


9 


5 


7425 


11 9 5 5 3 


2625 


7 5 


5 


5 


3 


4536 


9 9 


8 


7 


7546 


11 7 7 7 2 


2646' 


9 


7 


7 


6 


4608 


9 8 


8 


8 


7560 


12 10 9 7 


2662 


11 


11 


11 


2 


4704 


12 8 


7 


7 


7623 


11 11 9 7 


2673 


11 


9 


9 


3 


4725 


9 7 5 


5 


3 


7744 


11 11 8 8 


2688 


8 


8 


7 


6 


4752 


11 9 


8 


6 


7776 


12 9 9 8 


2695 


11 


7 


7 


5 


4802 


7 7 7 


7 


2 


7875 


9 7 5 5 5 


2744 


8 


7 


7 


7 


4851 


11 9 


7 


7 


7938 


9 9 7 7 2 


2772 


11 


9 


7 


4 


4928 


11 8 


8 


7 


7986 


11 11 11 6 


2816 


11 


8 


8 


4 


5082 


11 11 


7 


6 


8019 


11 9 9 9 


2835 


9 


9 


7 


5 


5103 


9 9 


9 


7 


8064 


9 8 8 7 2 


2904 


11 


11 


8 


3 


5145 


7 7 7 


5 


3 


8085 


11 7 7 5 3 


2916 


9 


9 


9 


4 


5184 


9 9 


8 


8 


8192 


8 8 8 4 4 


3024 


9 


8 


7 


6 


5292 


12 9 


7 


7 


8232 


8 7 7 7 3 


3025 


11 


11 


5 


5 


5324 


11 11 : 


11 


4 


8316 


12 11 9 7 


3072 


8 


8 


8 


6 


5346 


11 9 


9 


6 


8448 


12 11 8 8 


3087 


9 


7 


7 


7 


5376 


12 8 


8 


7 


8505 


9 9 7 5 3 


3125 


5 5 


5 


5 


5 


5445 


11 11 


9 


5 


8575 


7 7 7 5 5 


3136 


8 


8 


7 


7 


5488 


8 7 7 


7 


2 


8624 


11 8 7 7 2 


3168 


11 


9 


8 


4 


5544 


11 9 


8 


7 


8712 


11 11 9 8 


3234 


11 


7 


7 


6 


5625 


9 5 5 


5 


5 


8748 


12 9 9 9 


3267 


11 


11 


9 


3 


5632 


11 8 


8 


8 


9072 


9 9 8 7 2 


3375 


9 5 


5 


5 


3 


5775 


11 7 5 


5 


3 


9075 


11 11 5 5 3 


3388 


11 


11 


7 


4 


5808 


11 11 


8 


6 


9216 


9 8 8 4 4 


3402 


9 


9 


7 


6 


5832 


9 9 


9 


8 


9261 


9 7 7 7 3 


3456 


9 


8 


8 


6 


5929 


11 11 


7 


7 


9317 


11 11 11 7 


3465 


11 


9 


7 


5 


6048 


12 9 


8 


7 


9375 


5 5 5 5 5 3 


3528 


9 


8 


7 


7 


6075 


9 9 5 


5 


3 


9408 


8 8 7 7 3 


3564 


11 


9 


9 


4 


6125 


7 7 5 


5 


5 


9504 


12 11 9 8 


3584 


8 


8 


8 


7 


6144 


12 8 


8 


8 


9604 


7 7 7 7 4 


3645 


9 


9 


9 


5 


6174 


9 7 7 


7 


2 


9625 


11 7 5 5 5 


3675 


7 7 


5 


5 


3 


6237 


11 9 


9 


7 


9702 


11 9 7 7 2 


3696 


11 


8 


7 


6 


6272 


8 8 7 


7 


2 


9801 


11 11 9 9 


3773 


11 


7 


7 


7 


6336 


11 9 


8 


8 


9856 


11 8 7 4 4 
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ANSWERS TO THE EXERCISES. 



Numeration (pp. 4 and 5). 

1 . Two thousand, seven hundred and sixty-three. Thirty* 

five thousand, one hundred and sixty-two. Forty- 
five thousand, two hundred and eighty. 

2. Fifty-six thousand, one hundred and six. Eighly-two 

thousand, and thirty. Nine hundred and ten thou- 
sand, two hundred and fifty-seven. 

3. One hundred and seventy-three thousand, and four. Six 

million, seven hundred and eighty-nine thousand, five 
hundred and twenty- three. Three million, four hun- 
dred and eighty-six thousand, and twenty -five. 

4. One million, one hundred and forty-two thousand, and 

sixty. One million, one hundred and ten thousand, 
one hundred and eleven. Four million, three hundred 
and sixty-two thousand, eight hundred. 

5. Sixty-four million, three hundred and seventy thousand, 

two hundred and fifty- three. Ninety-nine million, 
eight hundred and seventy-four thousand, and sixty- 
two. Thirty- five million, six thousand, two hundred. 

6. Seventy-three million, eight hundred and ninety- two 

thousand, five hundred and thirty-one. Eight hun- 
dred and seventy- five million, sixty-two thousand, and 
thirty-five. One hundred and seven million, nine 
hundred and twenty-six thousand, five hundred. 

7. Seven thousand five hundred and thirty-nine million, 

three hundred and thirty-six thousand, two hundred 
and ten. Three hundred and twenty-six thousand 
nine hundred and seventy-two million, five hundred 
and seventy-three thousand, nine hundred and seventy- 
one. Four hundred and fifteen thousand, eight hun- 
dred and sixty-two million, three hundred and fourteen 
thousand, two hundred and three. 

8. Seven hundred and thirty thousand two hundred and 

fifty-four million, sixty-two thousand, eight hundied 
and ten. One hundred and seventy-three thousand 
and four million, two hundred and two thousand, six 
hundred and four. Five hundred and two thousand 
one hundred and thirty million, sixty-five thousand, 
and eighty. 
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1. 1760. 

2. 546000. 

3. 2000000. 

4. 621865. 



(Pages 4, 5.) 

5. 312500. 

6. 1177580. 

7. 109915. 

8. 505107. 



9. 1155240. 

10. 1314176. 

11. 6007944. 

12. 20936468. 



1. 541. 
5. 47115. 
9. 11812. 
11. 518277. 



Addition (pp. 7, 8, 9). 

2. 409. 3. 4641. 4. 12485. 

6. 797527. 7. 7581522. 8. 127297. 

10. In 1841, 18664761 ; in 1851, 20936468. 
12. 144 days; 6169016 visits. 13. 580347. 



14. Newspapers, 593; advertisements, 2252550. 



Subtraction (pp. 12, 13, 14). 

1. 471 and 16^8. 2. 35891. 3. 10105 and 701208. 

5. 8888. 
8. 1659330. 
11. 10892. 
14. 9321416. 
17. 21811085 pounds. 
18. Bom, 283001; died, 219052. 19. 10131. 

20. Nothing, 21. 415539. 



4. 103949. 

7. 82. 
10. 2271707. 
13. 803899 pounds. 
16. 2870784. 



6. 1698069. 
9. 965574. 
12. 877744. 
15. 203 pounds. 



Multiplication (pp. 18, 19). 



1. 1026. 2. 19044. 3. 35325. 

5. 7976563. 6. 3276. 

8.* 101904804408. 9. 7801178441640. 
11. 535914.* 12. 365000. 
14. 2250 and 7875. 15. 12375. 



4. 484344. 
7. 601604512. 
10. 49906. 
13. 269195. 
16. 86879544. 



(Pages 24, 25.) 

1. 114361. 2. 531786. 3. 2101120. 4. 471854788. 

5. 478491860. 6. 2288575200. 7. 51947970000. 

8. 16064348846. 9. 153787670242500. 

10. 34141125200427. 11. 56604636. 

12. 3024. 13. 759746144. 14. 94902500 miles. 
15. 1238525174. 16. 427816 pounds. 17. 3486. 
18. Gross earnings, 1177414 pounds; net earnings, 442157 
pounds. 

* The daily average stated in the qaestion ii taken from ** The Clom- 
panion to the Almanac for 1852;" bnt it is too great: the true daily 
averag^e was 86379. See Ex. 11, p. 8. 
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Division (pp. 29, 80). 



1. 744*. 

4. 250797f 

7. 899336^. 
10. 7048. 
13. 1628948. 
16. 1556441^ pounds. 



2. 12013|. 



5. 5788233^. 

8. 66459^. 
11. 3065170f 
14. 124373 pounds. 



3. 15604f. 
6. 1034602^ 
9. 124624f 

12. 86379. 

15. 1034280. 



1. 52i^. 

4. 14348^. 

7. 2602tyyV- 
10. 342iJfJf. 

13. 1662 pounds. 



(Pages 35^ 36.) 

2. 470ff. 
5. 11222|iJ. 

8- 203 ^S|gio - 
11. 2272^VrfV3. 

14. 3846. 



16. 7727. 



17. 78^ nearly. 



3. 3500^,. 

6. 14980ifff. 

9 9941*3JL± 

• ^^*f 89 10' 

12. 314|^fH§i. 

15. L3209. 
18. 62 times, nearly. 



1. 207809i. 

4. 662. 

7. 83872^. 

10. 6624 qts. 

13. 432000 lbs. 

15. 288. 

18. 1728000 qts. 



Reduction (pp. 47, 48). 

2. 381907/ 
5. 35459. 
8. 33880. 
11. 3411520 lbs. 



3. 525600. 
6. 8550. 
9. 8254. 
12. 11474 lbs. 



14. 1254400 oz., 6272000«.* 
16. 38016. 17. 91476. 
19. 23rd June. 20. 81998. 

(Pages 51, 52.) 



1. £27 11*. uyt. 

3. 7h. 57 m. 15 sec. 

5. 78 t. 15cwt. Iqr. 4 lb. 

7. 266 ao. 2 roo. 17 po. 

9. 12500 gal. 
11. 2 c. yds. 3 ft. 1504 in. 
13. £650. 
15. 13 d. an ho. 
1 7. 200 t. cwt. 2 qrs. 25 lbs. 
19. 3 ho. 3min. 20 sec. 
21. 2603 c. yds. 10^ ft. 22. 
23. 4240. 



2. 225 m. 4 fur. 26 per. 1 yd. 

4. 21b. 2oz. 16dwt. llgr. 

6. 1539 yds. 1 qr. 3 na. 

8. 21 sq. yds. 2 ft. 64 in. 
10. 36^48^50''. 
12. 44 t. 12 cwt. 3 qrs. 12 lb. 
14. £30166 10*. 2d, 
16. 39 d. 19if ho. 
18. £132546 1«. 6i. 
20. 1961 1. 5 cwt. 20 lb. 

1 d. 4 h. 4 m. 4 s., the gai. imp. 
24. 10*. 



* The reported weight was stated to be '* about 35 tons ;" bat this 
estimate was too great. See the answer to Ex. 24, p. 107. 
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Addition of Compound Quantities (pp. 54, 55). 

1. £38 11*. Tjrf. 2. £568 16*. 1^. 

3. £1571 lU.6id. 4. 100 d. 7h. 19m. 

5. 140 d. 19 h. 34 m. 6. 485 d. 3h. 14 m. 29 s. 

7. 69 lb. 3oz. 9 dr. 8. 71 cwt. 1 qr. 22 lb. 

9. 112 cwt. Iqr. 261b. 13 oz. 10. 44 oz. 1 dwt. 5gr. 

11. 37 oz. 6 dwt. 12. 621b. 4oz. 8 dwt 16 gr. 

13. 23 dr. so. 8 gr. 14. 38 oz. dr. 1 sc 

15. 34 lb. Ooz. 3dr. 0scl7gr. 16. 548 yd. 1ft. 2 in. 

17. 23 fur. 25 po. ^yd. 18. 425 m. 3 fur. 34 po. 4 yd. 

19. 405 ac. 2roo. per. 12 yds. 

20. 918 ac. Iroo. 16 per. 9| yds. 



Subtraction op Compound Quantities (pp. 56, 57, 58). 

1. £15 14s. 8^. 2. £206 12#. 8^. 

3. £2283 10#. 8^^. 4. 6d. 191i. 58 m. 

5. 67 d. 21 h. 46 m. 6. 16 h. 32 m. 32 s. 

7. 74 yd. 1 ft. 5 in. 8. 188 yd. 1 ft. 9 in. 

9. 12 per. 5 yds. ft. 2 in. 10. 5* 33' 54". 

11. 8^ 36' 49^ 12. 23* 54' 47". 

13. 3d. 22 h. 43 m. 34 sec. 14. 3 1. 1.6 cwt. 1 qr. 20 lb. 

15. 6 t. 1 cwt. 1 qr. 13 lbs. 16. 1 1. 3 cwt. 2 qrs. 3 lb. 

17. 75 m. Ofur. 15 per. 2^ yds. 

18. 15 m. 2 fur. 34 per. 2^ yds. 

19. 101m. 1 fur. 27 per. 4^ yds. 

20. 53 ac. 2roo. 22 per. 25^ yds. 

21. 6ac. Oroo. 29 per. 29^ yds. 

22. 2roo. 33 per. 15iyds. 23. 10 oz. 18 dwt. 6gr. 

24. 1 lb. 5oz. 14dwts. 16gr. 25. 51b. Ooz. 7dwts. 13 gr. 

26. 38 c. yds. 26 ft. 1697 in. 27. 63 c. yds. 20 ft. 1591 in. 

28. 315 c. yds. 4 ft. 1547 in. 29. 85 sq. yds. 3 ft. 32 in. 

30. 201 sq. yds. 8 ft. 122 in. 31. 306 sq. yds. 4 fi. 83 in. 

32. 8 gal. Iqt. 1 pt 33. 1708 gal. 1 qt 

34. 684 gal. 2 qts. 1 pt. 35. 1 bu. pk. 1 gal. 

36. 5bu. Opk. Ogal. 2qt. 37. 15 bu. Ipk. Ogal. 3qt. 



Multiplication op Compound Quantities (pp. 60, 61), 

1. £162 2«. Sid. 2. £348 11*. 2d. 

3. £1507 16*. 3d. 4. £2397 6#. S^d. 

5. £6614 16«. 9|(/. 6. £550 16*. Sd. 

7. £7372 7«. \id. 8. £16560 1*. Gd. 
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9. £92293 13#. Q^d. 10. £614850 10#. dff. 

11. 1 J 53 m. 6 fur. 4 per. 8 yds. 

12. 1760 m. 7 fur. 29 per. 8 yds. 

13. 5945 m. Ofar. 29 per. ^yd. 14. 496 m. 5 far. 2 per. 
15. 1019 m. 8 fur. 5 per. 16. 26677 m. 4fur. 10 per. 5 yd. 
17. 8631 d. Oh. 48m. 45 8. 18. 3907*' 45' 20^". 

19. 3567t.4cwt.lqr. 181b. 20. 7080 a. 2 roo. 7 po. 
21. 1679 sq. yds. 7ft. 129 in. 22. 6095oz. 14dwt. 19gr. 



Division op Compound Quantities (pp. 64, 65, 66).* 

1. £18 I2s. O^d. 2. £16 I9s. 6^. 

3. £16 U. Sd. 4. £1 9«. 8ld. 

5. £4 I2s. lid. 6. £3 Is. 4^. 

7. 3 qrs. 5 lb. 2 oz. 8. 74 m. 7 fur. 9 po. 1 yd. 

9. 1° 1' 48". 10. 2 d. 19 h. 39 m. 26 s. 

11. 16ac. 8roo. 89 per. 27yds. 8ft. 

In the following answers the complete quotients^ inclvding 
the frcictional part in each case^ are inserted. 

12. 5Ui. 18. i2*H*- 14. smn^ 

15. eum- 16. IBUi' 17. 15ffH. 

18. e /f\\\ . 19. 58-^. 20. £46 14«. 6d. 

21. £5417 2s. 4|<;.4-S-Jf/ 22. 4rf. 

23. Total, £93 Os. Sid.; share, £23 5s. 0|rf.-f |/. 

24. 16dwt. 13^gr. 25. 1327483|, and 14igr. over. 
26. £1216796 17*. ed. 27. 4«. 6ji.+^/. 

28. Weight, 8541 lb. 8oz. troy; height, 10 times the Monu- 

ment, and 63 ft. 4 in. more. 

29. £1869 I2s. 9id. 80. 1081b. 6oz. 1 dwt. 16 gr. 
31. Weight of sovereigns, 510941b. 10 oz. 3 dwt. 21 gr. ; 

weight of pure gold, 46845 lb. 6oz. 19 dwt 17gr. 



Reduction op Fractions (p. 70). 

1. V- 2. *f«. 3. 11-iV. 4. 122-^. 

5. «ff». * 6. 259-^. 7. »W'- 8- 40^. 

* In these answers fractions of a farthing are neglected ; and in genera], 
fractions of the lowest denomination, inserted in the answer, are sup 
pressed. This is done, because the fractions np to Ex. 12 are coo 
insignificant to deserre notice. They are given however in the Key. 
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Common Denominator (pp. 72, 74). 

1- ih M. A- 2. u, M' !«• 

3' -m, w\r. -H*. •*• 1%, «$, m . 

5- -m. m^ m- «• im^ «f*> mi- 

7. T«AV T^ifei Vm* TWfir- 8. il*, il^, ^, m. 

»• *f«> H*. m. m- 10. tm. TiWp ^w^ vvw 

"•m.imiH>«*- i^- ^fA?^ ^^^^ -m^, m^. 

13. f f, f 14. ii, H, f|. 

15- m -m, -Av- 16. f f f 

1 '• TTTF* TiriS"' lift"* 18. -f-f, "5^ -j^. 

19- A>i*.T^T%. 20. ^I^i^^. 

21. H, **, **, i*. 22. Tfir, if, il, \^. 

23. 2A> tV. a. a- 24. 3|i, fi, ^, f^. 



Addition op Fractions (p. 76). 
1- IVsAr 2. 1t^. 3. 1^. 4. 6^. 



5. 6^. 6. Uii. 7. 8f|.. 8. 1. 

9. 4Ui- 10. 5,%%. 11. 3vyys- 12. 7^^- 

13. Ifii-J. 14. Sma. 15. 5fJi. 16. 7« 



Subtraction op Fractions (pp. 76, 77). 

1. 1,^. 2. lii. 3. a. 4. tV 

•'• «. 6. T«,V 7. -H. 8. A- 

9. 4i- 10. 2V«r. 11. %fy. 12. 2tV. 

13. 21*. 14. tV^ 15. lil*. 16. -JU* 

17. 6-^^ 18. in. 19. «f 20. 44**. 

21. lOH. 22. i|. 23. IH- 24. 2^. 

Multiplication op Fractions (p. 80). 
1. -bV- 2. 10|f. 3. ^. 4. f^. 

5. 3t^. 6. 12f 7. 120H. 8. 347il. 

9. 14if 10. lii. 11. lOH- 12. iUh 

13. 84Ji. 14. 204*. 15. 4f 16. fH> 

Division op Fractions (p. 81). 

1. It^i, 2. liJ. 3. Iff 4. fi*. 

5. *. 6. 50f 7. ^. 8. *^. 

9. ff 10. 2|f 11. 198. 12. i^. 

* This means that tlie aubtnctive quantities txeeid the additive 
qtmntities by ^. 



ANSWERS TO THE EXERCISES. 187 

(Page 83.) 

9. -AAftr. 10. VriV^fr 11. AV. 12. f 

13. ^Afe. 14. fft. 15. VsVWr. 



Multiplication and Division of Concrete Quantities 

(p. 85). 

1. £160 6s. 7id. . 2. 19s. Sfd.-^^f. 

3. £658 0». 11 1^.4-1/ 4. 7 miles, 2^^ fur. (ItsLouM 

5. 13». 4i</.4--f/. have been rides.) 

6. A, £178 11#. 5}d. ; B, £138 17*. 9ji.; C, £307 10#. Of^^^. 

7. £1549096 17*. 6d. 8. £375. 

9. 3^z^. 10. 49 d. 4h. Om. 49-A8ec. 



Greatest Common Measure (pp. 88, 89). 

1. 19. 2. 17. 3. 3. 4. 17. 

5. 97. 6. It is already in its lowest terms. 

7. -m. 8. «f. 

9. No common measure. 10. 13 rods. 

1 1. Price, per acre, £19 : number of acres bought by A, 17 , 
by B, 24 ; and by C, 29. 12. 80. 



Least Common Multiple (p. 91). 

1. 360. 2. 81. 3. 2520. 4. 1200. 

5. 7560. 6. 10540068. 7. 232792560 



Practice (pp. 96, 97). 

1. £104 10«. ed. 2. £159 4«. 4rf. 

3. £440 ^5s. Id. 4. £512 18s. 11^ 

5. £224 3*. 2id. 6. £733 Os. l^d. 

7. £541 18*. 9fi. 8. £1328 1*. U^d. 

9. £2794 19*. OH 1<>' £1442 19*. 10^ 

U. £2353 2*. li. 12. £4149 5s. 11^. 

13. £3 14*. 2ffl?. 14. £3 19*. lOd. 

15. £84 0*. 9id. 16. £35 13*. 3ff. 

17. £l 7*. lli<3?. 18. £23 11*. Sd. 

19. £18 9*. 5rf. 20. £426 12*. Id. 

21. £4 13*. 2^. 22. £4989 0*. 10^. 
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23. £176 les. 3d. 24. £424800 19». 

25. £1851952 ISs. 26. £54 12s, (stonesSlb.) 

27. £205 19*. 6d. 28. £76 11*. 8d. 

29. Reduction per cwt., £2 3*. ; per stone, 3*. Ofd, 

30. £12763133 16*. Ud. 



Rule OF Three, or Simple Proportion (pp. 106, 107). 

1. 15*. 8-^. 2. £23 19*. JW.+i/: 

3. £7 11*. 7id.+if. 4. 48 persons. 

5. 400. 6. 6|oz. 

7. £5 11*. 6f<?.+t/.* 8. £9 18*. * 

9. £23 10*. 9id. 10. 270. 

11. £4240, 12. 129478. 

13. 46i^. 14. 14 oz. lldwt. 16gr.^roy. 

15. lOlb.amr. 16. 5min. 27-rr8ec, past 7 o'clock 

17. 27min. 16-^ sec. past 5. 18. 72^. 

19. £31 5s. 7frf. 20. 2 lb. 8^oz. 

21. 14t^ miles. 22. £767. 

23. 3oz. 7dwt. 6Agr. 24. 30 tons 12 cwt. 27+ lb. 



Double Rule of Three, or Compound Proportion 

(pp. Ill, 112). 

1. 20 horses. 2. 17^ days. 3. £l 4*. 

4. 125 reams. 5. 43^ days. 6. 56 days. 

7. 3 lb. 8. £72. 9. £39 5s. Ud. 
10. £16 10*. 



Reduction of Fractions to EiEciMALs (p. 117). 

1. -4375. 2. -078125. 3. -536. 

4. -372. 5. -0064. 6. -00448. 

7. '5375. 8. -005541. 9. -6857143. 

10. -51282. 11. -733333. 12. -9. 



Addition and Subtraction of Decimals (p. 118). 

1. 279-385. 2. 6343-4214. 3. 368-82. 

4. 105-5928 5. 1-2949. 6. 296-6108. 

* Although fractions of a farthing are introdaced into lome of these 
answers, the learner need not take any aoconnt of them. 
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Multiplication of Decimals (p. 119). 

1. 209-226285. 2. 134*70368. 3. 114192. 

4. -002736. 5. -000000777. 6. -0552762. 

7. -00058128. 8. 13-44. 9. -4578384384. 

10. -0393696. 11. 574-056. 12. -0000896. 

13. 195-2533006056. 14. 21 8630035575. 



CONTBACTBD MULTIPLICATION (p. 125). 

1. 1308-0037. 2. 482-554. 3. 54-4442.» 

4. 105-928788. 5. 350 6. 590-324. 

7. 1 •686659- 8. •002517. 9. 235-104. 

10. -34028 



Division of Decimals (p. 129). 

1. 213-728. 2. 168-448. 3. 320-988. 

4. -066. 5. 7-845. 6. 34097-027. 



Contracted Division (p. 132). 

1. 6-598. 2. 4343-91. 3. -00429. 

4. 7-845. 5. 14-31. 6. 1-1715. 

7. 5-348. 8. 1624-7. 9. -865256. 

10. -000156. 11. 71,00000.+ 12. -0403. 

13. 196-8. 14. -09547766. 15. 1-684479. 

16. 1-196. 17. -2645653. 18. 18-28. 

19. 93-54286. 20. -098135. 21. 5-348306. 

22. -0981354. 23. -0042913, and -040266. 
24. 52-486. 

* If this product bad been computed to five places, and then the fifth 
decimal rejected, the result would have been 54*4444, which is the more 
accurate one. In the answers which follow, the extra decimal will always 
be computed for, and then rejected ; as recommended at p. 126. 

t The quotient here is 7 million 1 hundred thousand, — ^this 1 being 
true to the nearest unit ; that is to say, it is nearer the truth than a or 
a 2 would be in its place. Of the following figures we can infer nothing, 
since the final decimal 4 of the divisor is confessedly affected with error. 
The quotient therefore can only be approximated to as far as the two 
leading figures of it are concerned. The decimals in the curtailed divisor 
mitf i be extended before the figures, replaced above by O's, can be found. 
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Application o/DedmaU to Concrete Quantities 

(pp. 134, 135). 



1. 15 poles. 

3. 9 cwt. 1 qr. 

5. £1 16*. 6frf. 

7. £19-86354. 

9. -0375. 

11. 10 oz. Odwt. O^gr. 
13. 7s. 2^^.+!/. 



2. 3*» 37' 42f '• 

4. Bid. 

6. 5 02. 12dwt. 15-744 gr, 

8. -0020307. 
10. -2422419. 
12. £4 14*. 8K-»"i/. 
14. ft^, and ■^^. 



15. 12 h. 44m. 2-86368sec. 16. 7912*3imle8. 

17. 27747^00 miles, the figures that woald replace the O's 

are not to be depended on. 

18. £1. 19. 19*. 4^^;. 

20. £5 16*. 3d. 21. 31 ac. 2roo. 14*736 per. 

22. £47 6*. 4-1 54^;. 23. 4*. 8-3108^. 

24. -022191. 



136 = ^ 



Recurbino Decimals (p. 138). 

2-418 = 2||. -5626 = Iff. 

0044& = tJVW- 3-756S = 3TWr- 621-621 = 621ff. 

O243& = X -857142 = f 1-0378 = ItHt- 

008497133 = ^^. 



Extraction of the Square Boot (p. 148). 



1. 5-637566. 

4. 3-316625. 

7. 950625. 
10. -027. 
13. 8-290717701. 
16. 4-16833. 
19. 5-9049. 



2. 10-7376607. 

5. 687-936. 

8. 19-10497317. 
11. 28-0067. 
14. 5f 
17. 3-952847. 
20. 2-7664333. 



3. -5688645. 

6. 1-73205081. 

9. 5-692. 
12. 8-8985. 
15. 10^. 
18. 28-18155425. 



EXIRACTION OF THE GuBB RoOT (p. 154). 



I. 97. 

4. 4321. 

7. 4-867132. 

10. 2311204. 



2. 375. 

5. 7435. 

8. 93-7. 

11. 4-9793380. 



3. 276. 
6. 19-86228. 
9. 42-7839. 
12. 2-080083823. 
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Interest, &e. (pp. 162^ 163). 

1. £215 ISs, 4d. 2. £72 169. S. £S Ss. Oid. 

4. £16 4». 10^. 5. £3 U. 2id. 6. £68 158. 9^d 

7. £123 59. ed. S. £6825. 9. 4 years. 

10. 4$. 11. £23 l9. Sid. 12. 5*236 nearly. 

13. 12-17. 14. 20-^ nearly. 



Discount (pp. 165, 166). 

1. £1251 lUAd* 2. £216 15*. 9d. 

3. £554 12«. 4d. 4. £1548 199. 9d. 

5. £38 1S9. 6d. 6. £149 Of. '7d. 

•7. £9 16*. 



Brokerage, Commission, Insurance, &c. (p. 169). 

1. £129 99. 2. £499 10*. 

3. £2000. 4. £2056 17*. lid. 

5. £32 179. 2^. 6. 16*. 9(f. 

T. £1165 19*. 6d. 8. £14 11*. lO^rf. 

9. £6384 12*. Sd. 10. £28 16*. Bd. 



Proportional Parts (pp. 171, 172). 

1. A's share, £l50; B's, £l95; Cs, £210. 

2. Nitre, 85^1b. ; charcoal, 15-}-{-lb. ; sulphur, ll-}-ll>. 

3. Pure gold, 4dwt. 22Hgr. ; alloy, 10-J^gr. 

4. Pure silver, 4 oz. 1 2^ dwt. ; alloy, 7^ dwt. 

5. Oxygen, 889 oz. hydrogen, llloz. 

6. A, £72 ; B, £48 ; C, £45. 

7. Tin, 16cwt 3qr. lOi^lb.; lead, 2 cwt. Iqr. Oj^lb.; 

brass, 3 qr. 17-^ lb. 

8. A, £95 1*. 8fi.+^^/; B, £71 6*. Sid.+\i±f,; 

C, £57 1*. 0^+-^/. ; D, £47 10*. lO^J.+il^/; 
E, £40 15*. 0{d.+^/. 



Chain Rule (p. 172). 
I. 64 lb. 2. 72 a lb. 3. 57501|f. 

* The resalts are computed to the nearest penny, which k in aoeord- 
aaoe with commeicial practice. 
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Duodecimals -(p. 174). 

I. 270 sq. ft. 2 pte. 3 sq. in. 2. 363 sq. ft. 10 pts. 6 sq. in. 
3. 1942 sq. ft. 1 pt. 4. 1612 sq. ft. 10 pts. 6 sq. iiL 
5. 1331 sq. ft. 11 pts. 3 sq. in. 6. 854 sq. ft. 7 pts. 

7. 233sq.ft. 6sq.iii. 8. 3117sq.ft. lOpts. 4sq.in. 

Miscellaneous Examples (p. 175). 

1. £-02770449 and |«. 2. f 

3. £37 59. 8d. 4. £35 12». 3^^;. 

5. £253 10». Old. 6. £2 18». dd. 

7. 30 men. 8. £3135 lbs. G^d 

9. IBs. 8d. 10. £5829 17». 5d. 

II. 8«. 8</. 12. £5 10». 4|^. 
13. £350 59. 14. 9 min. 2^ sec. 
15. 6 ho. 15 min. 16. 2184. 

17. 10 min. 54,^seo. to 10 o'clock. 

18. 173 and 611. 19. 42*784 and *6918984. 
20. 16| days. 21. 36 lbs. 

22. 389017, 531441, and 275. 23. 17«. 6^^. 

24. £8978 13*. ed. 25. •027343751b. 

26. £27 39. Oid. 27. £3623 39, 9d. 

28. £2 29. 5d. 29. £5. 

30. £l 11*. 0^. 31. 28 cwt. 1 qr. 9^ lbs. 

32. Brandy, 18*.; Rnm, 14«. ; Geneva, 10*. 6d. 

33. £344 11*. e^d. 34. 2^ and ^. 

35. -793701 and 1-930979. 

36. A's share, £23 13*. ed.; B's, £35 49. 2d.; Cs, £41 2». id, 

37. 5H<lays. 38. 6001f| yds 

39. £38 S9. 5ld. 

40. A's share, £154 15*. 2d.; B's, £176 17«. 4d. 

41. A's share, £25 10*.; B's, £37 29.; C% £24 4«. 

42. -038925 and 17*83. 

43. Copper, 112^Ibs. ; tin, 37ilbs. 

44. Pure spirit, 40-^ gallons; water, 43|f gallons. 

45. 5 per cent 46. 96}f lbs. 

47. A's share, 8*. 2-^. ; B's, 59. 5-^. ; Cs, 4*, i^^i 

D's, 3*. 3^. 

48. 133 cwt. 1 qr. 12 lb. 49. £8 8». 7^ 
50. 6 m. 2 w. 6 d. 51. July 14th. 

52. Each officer, £178 8». 9^. ; midshipman. £39 13«. Old.; 
eailor, £22 69. ^d. 
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Abitraet mnnber, tena. defined, 09. 
Addition, tenn defined, 6 ; examples of, 6 ; 

exercises, 7; method of proving, 7; 

roles elf 6 ; symbol for, 9. 
Addition, compound, 53; ermnpleii, 63; 

exercises, 63 ; rules, 53. 
Addition of decimals, 117. 
Addition of fractions, 74. 
Algebra, assistance of, in eztnkcting tbe 

square root, 147. 
Amount, term defined, 16S. 
Answers to exMcises, 181. 
Antecedent, term defined, M. 
Arithmetic of fractions described, 67. 
Arithmetic, simple, roles of, described, 

87 ; compound miss described, 37. 
Assurance, life, described, 167. 
AstroQoaiical daj, length of, 46. 

Bills of Exchange described, 163. 
Brokerage desmbed, 167; 
168; exercises, 169. 
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Chain role described, 173; csamples, 

172; exercises, 173. 
Circle, divisions of the, 48. 
Circulating decimals described, 135. 
Conunissioo described, 166; <nwnplw ol^ 

166 ; exercises, 169. 
Common denominaHon, fednctioa eC 

fractions to a, 70. 
Common measure, term defined, 86 ; ea^ 

amplea, 87 ; exerdses, 88 ; roles, 86. 
Common multiple, term described, 89; 

examples, 90 ; exerdses, 90; rules, 9u; 

to find the, 89. 
Complex fractions, tenn described, 88. 
Compound addition, 53; dirisicm, 61; 

iuterert, 109; mnltiplinrtkin, 66; sub- 

tractiim, 66. 
Composite nombeis, term defined, 90. 
Con(aete quantities described, 68 ; multi- 
plication and division of, 83 ; exampie«, 

84 ; exercises, 85 ; quantities, application 

of decimals to, UB. 
Consequent, tenn defined, t0L 



Contracted division, 199. 

Cube root, extraction of, described, 160( 
term defined, 139; examples, 151 1 
exercises, 154 ; symbol for, 140. 

Cypher described, 6. 

Day, length of, 46 ; astronomical, 46. 
Decimals, addition of, 117 ; examples of^ 

118; exerdses, 118; applicatiou of to 

concrete quantities, 132; examples, 

133; exerdses, 134. 
Decimals, division of, 126 ; examples of, 

127 ; exercises, 129 ; rules, 126. 
Decinials, multiplication of, 118; exmn- 

ples, 119; exerdses, 119; rules, lib. 
Decimals, notation of, 112. 
Decimals, recurring, described, i:i5: to 

fxmvert a dedmal into its equivalent 

vulgar fraction, 138; examples, 1;^; 

exerdses, 138; rules, 166. 
Decimal, to reduce a conmion fraction to 

a, 115 ; exam p les , 116; exercises, 117 ; 

roles, 115. 
Decimals, snblraetion of, 117 ; examples, 

118; exercises. 118. 
Degree described, 43 ; sign for, 48. 
Denominator defined, 67. 
Digits described, 5. 
Discount defiued, 163; example*, 166; 

exercises, 165 ; principles of, 163. 
Dividend, term denned, 26. 
Division described, 26. 
Divihiun, short, examples of, 27; exei^ 

cises, 29; rules, 26. 
Division, long, examples of, 81 ; exercurea, 

35 ; rules, 30. 
Divbdon, sign for, 28. 
Division, compound, 61$ exerdses, 64; 

examples, 61 ; rules of, 61. 
Division, contracted, 129 ; examples, 130 ; 

exercises, 132 ; rules 129. 
Division of a oompoimd quantity by 

another of the same kind, 64 ; exmu^ 

pies, 64 ; exercises, 64 ; rales, 6i. 
Division of decimals, 126. 
Divisitn of Icftctions, 80, 



194 



DiTuor, term ddfned, 28. 

Double rale of three deicribed, 106 ; es- 

amplea of, 110; ezereiMi, 111; princi- 

yie» at^ 109. 
PaodeciauJb deeeribed, 173; ezampletoCy 

173; exerdsee, 174; notation of, 173^ 

'Bqmditjf sign of, 9. 
Evdation described, 140. 
Excliange, bills of, described, 16IL 
Examples, miscellaneous, 175. 
Exercises, anawen to^ 18L 

FactocB, tenn defined, 20; table of, 199l 
Figures described, 1: nses of, 1. 
Fractions, addition of, 74; ezerdaea, 16. 
Fractions, common measnre, to find the, 
85; examples, 87 ; exennses, 88 ; roles. 

Fractions, common midtiple, to find the, 
87 : exercises, 01 ; roles, 90. 

Fractions, comi^ex, term defined, 82. 

Fmctiona defined, 20, 29, 67 ; described, 
67. 

Fractions, dirision of, described, 80 ; ex- 
ercises, 81 ; rules, 81. 

Fractions, improper, defined, 6^ ; to re- 
duce a mixed number to an, 60. 

Fraction, to reduce a, to a mixed number, 
70. 

Fractions, moltipUcatioa of, desciibed, 
77 ; exercises, 80; rules, 78. 

Fractions, multifdication of concrete 
quantities, 83; to find what fraction 
one quantity is of another, 82 ; exer- 
cises on, 83. 

Fraction, to reduce a, to s decimal, 115. 

Fraction, reduction of , to a common de- 
nominator, 70 ; exercises, 72 ; rule, 71. 

Fractions, subtraction, 76 ; exercises, 76. 

Oepgrapfaical mile, length of, 4S. 

Improper fraction defined, 68. 

Insurance described, 167; examples of, 
16s ; exercises, 160. 

Integer, term defined, 20. 

Interest described, 165; examples, 156^ 
150 ; exercises, 162 ; rules, 155, 158. 

Interest, compound, described, 169; ex- 
amples, 170. 

Involution described, 130. 

Life assurance described, 167. 
Local value, term described, ft. 

Measure, common, to find, 85. 

Meoaures, tables of, 41. 

Mensuration, assistance of duodecimals 

to, 173. 
Mile, length of geographical, 48. 
Minutes descritod, 43; symbol for, 43. 
Minus^ symbol for, 14. 

exfunples, 175. 
vm defined, 60. 

'd,15. 



MultipiicBtion described, 14; fTainpl<»a^ 

18, 21; exerdsea. 18, 24; rules, 17, ^; 

proving, 18, 23; symbol for, 19; table, 

16; remazka flo, <B. 
Multipljcalioii, ea iip o ui id,S8; examplea^ 

59: exerdsea, 60 ; nde8,58. 
Hnltipiication, oontracted, described, 1 19 ; 

exsmplea, 121; exeicisea, 124; rales, 

123. 
MultipiicBtion of dfrimala, 118; of &«»• 

ti(ma,77. 
Multiplier, tenn <M* ne d. Ift. 

Hotation described, 1 ; of derhnale, 119; 
of dnodecimala, 173. 

Koug^ described, 1. 

NotM, promiaeory, described, 163l 

Number, term described, I ; abetract de- 
fined, 62; ooo^osite tenn described, 
20 ; mixed term defined, 60 ; to re- 
duce a mixed number to an improper 
fraction, 69; to reduce an improper 
firaction to a mixed number, 70. 

Number, powen and roots of a, deacribedy 
139 : prime, torn defined, 20. 

Numeration, exerdsea in, 4; table, S; 
uses of, 3. 

Parts, proportional, 170. 

Per cent., term defined, 16B. 

Periods, term described, 6. 

Plus, symbol for, 9. 

Policy described, 167« 

Powers and roota of a nmnber described, 

1^. 
Practice described, 02 ; fminipies oi;02; 

exercises, 96. 
Premium, term defined, 167. 
Present worth, term described, 101; 
Prime number defined, 20. 
Prindpal, term defined, 155. 
Product defined, 15. 
Promissory notes described, 168. 
Proportion described, 98 ; principles of, 

98. 
Proportian, rule of three, examines of, 

103; exercises, 106; princii^ea of, 102. 
Proportion, rule of three, double, de- 
scribed, 108 ; examples, 110 ; exercises, 

111 ; principles, 109. 
m>portional parts, 170; examplfla, 171 1 

exercises, 171 ; rules, 170. 

Quadrant described, 43. 
Quotient, term defined, 26ii 

Ratio, term described, 98. 

Recurring decimals, 135, 

Reduction described, 44; examples of, 

44, 48 ; exercises, 47, 51 : rules, 44, 

48. 
Remainder, term defined, 10. 
Roots and powexa of a number described, 

180. 
Root, cube, 139; symbol for, 140. 
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Boot, fourth, 130 ; symbol for, 140. 
Root, Muare, 199; symbol for, 140. 
Bole, chain, described, 173. 
Bole of three described, 101 ; operation 

ci, 103; double described, 108; proceM 

of, 109. 

Sea mile described, 49L 

Seconds de8Gril)ed, 43 ; sign for, 48. 

Simple proportion, 101. 

Square root defined, 189; to extract the, 

141, 149; examples, 143; exercises, 

148 ; rules, 141 ; symbol for, 140. 
Subtraction described, 10; examples of, 

11; exercises, 13; method of proving, 

13 ; rules of, 10 ; sign to express the 

operation of, 14. 
Bubtraction, compound, 66; examples of, 

56 ; exercises, 66 ; rules of, 66. 
Subtraction of decimals, 118; of frac- 

taoo»,7«. 



Table, multiplication, 16 ; numeration, 8 ; 

of facton, 76 ; of the number of days 

from an^ day in one month to the oor- 

respondmg day in another, 164; of 

time, 39. 
Tftbles of measures, 41 , of money, 88 ; 

of weights, 40. 
Time, table of, 89. 
Ihree, rule of, described, 101 ; examples 

of, 108; exercises, 106; princi^es of. 

103. 
Three, double rule of, 108 ; examples, 110; 

exercisee. 111 ; rules, 109. 

Units, tarn ie&.eu, 1. 

Weights, tables of, 40. 

Whde numbers, common measure of, 8& 

W(nth, present, term described, ld9> 

Zero, term deficod, 9. 



THE END. 
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No. ARCHITECTURE, BUILDING, ETC. 

i6. ARCHITECTURE—ORDERS^The Orders and Iheir M^e^c 
Principles. By W. H. Lbkds. Illostrated. is. 6d^ 

17. ARCHITECTURE-^STYLES—ThA History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bdry, F.R.I.B.A., &c. Illustrated. 2s. 
%• Okoeks ahd Styles of Architecture, in One Vol.^ \s, 6d. 

18. ARCHITECTURE'-DESIGN'^Tti^ Principles of Design in 

Architecture, as dedncible from Nature and exemplified in the Works of the 

Greek and Grothic Architects. By E. L. Garbett, Architect. Illustrated. 2s.6d. 

%• The three frecedinz Worhs, in One handsome Vol., half bound, enHtUd 

** Modern Architecture," frice 6f. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, as.t 

23. BRICKS AND TILES, Rudimentaij Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By £dw. 
Dobson, M.R.I.B. A. With Additions by C Tomlinson, F.R.S. Illustrated, 3S.I 

25. MASONRY AND STONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. ss. 6d.t 

44. FOUNDATIONS AND CONCRETE WORKS, 2iBjx^\mtntaay 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, Beton, Pile-driving, Caissons, and 
CoflFeroams. By E. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, xs. 6d. 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Bdrnell, C.E. Twelfth Edition, xs. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
in^ and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Toklimson, F.R.S., &c. Illustrated. 3s. 

83«». CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs. Esq., of New York, and Edited by Charles Tom- 
UNSON, F.R.S. To which is added, a Description of Fenby** Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. lUus. as. 6d. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 
on the Principles of Construction in ; made with a view to their being usehil 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

The X indicates that these vols, may be had strongly bound at 6 d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued, 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. RiCHAKOSON, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.RA.S. With 23 Plates. 55. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Grreece. By the Earl of Aberdeen, xs. 
*•* The two preceding Works in One handsome Vol., half bounds entitled "Ancbnt 

Architecturb," price 6j. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti* 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156: QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', PIumbers\ Painters', Paper- 
hangers', Gilders', Smiths', '^Carpenters*, and Joiners' Work. By A. C. 
Bbaton, Architect and Surveyor. New and Enlarged Edition. HIus. is. 6d. 

175. LOCKWOOD &> CO:S BUILDERS AND CONTRACTORS 
PRICE BOOK, for 1883, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and ot all Trades connected with Building, 8cc., &c. 
Revised and Edited by F. T. W. Miller, Architect and Surveyor, ^s. 6d. ; 
halt bound, 4s. \_Just published^ 

182. CARPENTRY AND yOINERY—HnJL Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E With Additions from the Works of the most 
Recent Authorities, and a IKEATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

i82». CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By (George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND :^IGN 

WRITING: A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8cc. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, revised. 5s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, Materials ; Slating and Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fourth Edition, revised and enlarged. With above 330 
Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6di.X 

[Just published. 

192. THE TIMBER IMPORTERS, TIMBER MERCHANT*S, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy. 
Second Edition, Revised. _%s.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, xs. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great I^amidf 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. Second Editioni 
enlarged, 4s. 6d.t 

8^=* The t indicates that these vols, may be had strongly bound at 6d. extra* 
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Architecture, Building, etc., continued, 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering: and Architectural Works (A 
Practical Treatise on). "With especial reference to those wroug^ht by Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect. With upwards of 160 Engravings on Wood. xs.X 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly feom the Works of Robison, 
Tredgold, and Humber. By E. Wyndhah Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. [Just published, 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Eveiyday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, 8cc. By James W. Facky, Tun. Illustrated with 
Sixty-eight explanatory Engravings, principally from Designs by the 
Author. 2s. [Jttst published, 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, is. 6d, ijusi published. 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydrauuc Engineering by Geo. R. Burnell, 
M.Inst.C.E. Sixth Edition, revised, with Large Additions on Recent 
Practice in Civil Engineering, by D. Kinnbar Clark, M.Inst. C.E., 
Author of" Tramways : Their Construction," &c. 6s. 6d., Cloth boards, 7s. 6d. 
31. WELL-DIGGING, BORING, AND PUMP-WORK. By John 
George Swindell, A.R.I.B.A. New Edition, by G. R. Burnbll, C.E. is. 6d. 
35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir Tohn Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 
62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 

8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. 2s. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 45.^ 

B17. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 
tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modern Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stevenson, F.R.S.E., 8tc. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms ot 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d4 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by SAMu^L 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. Cd.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 

tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 
■■ ■■»» iiJiiii .. | .. ■ » 

The X indicates that these vols* may be had strongly bound at 6d. extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other ^lachineiy for Raising 

Heavy Bodies. By Joseph Gltkn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr. Laxdner. Illustrated, is. 6d. 

S^' STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illnstrated. is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckstt, LL.D., Q.C, Seventh Edition, revised and en- 
larged, with numeroos Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards. 

o ^, [Just published. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines, 8cc. By Joseph Glvnn, F.R.S. 2s4 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d4 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, 8tc. With copious Receipts, 8tc. By Walter Graham. 2s4 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredgring Machines, 
Bridges, Cranes, Ship-building, &c., 8cc. ByJ.G. Winton. Illustrated. 354 

165. IRON AND HEAT, exhibiting the Frinciples concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
, . Heat in the Smelting Furnace. By J. Armour, C.£. as. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.t 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
>7i. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAW^NG. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.*' 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. — ^by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.t 

202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. \%.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. js.t 

217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, 8cc. By J. W. Urquhart, C.E. 2S-i 

223. MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding, Casting, Forging. Tools, Workshop Machinery, Manu£a,cture ot 
the Steam Engine, &c. By Francis Cahpin, C.E. 2s. 6a.J 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Buroess. 2s. 6d.* 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A.. Precentor of Ely Cathedral. Illustrated. 2s. 6d.l [Just published. 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler- Yard. Arranged expressly for the use of Draughtsmen, Students, 

and Foremen Engineers. By Fran'Cis Campi.v/C.E. ^"s.* [Just published. 

THE SMITHY AND FORGE; including the Famer^s Art and 

^__ Coach Smithing. By W. J. E. Crane. Illustrated. [In the press. 

T he % indicates that these vols, ma y be had str ongly bound at td. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Expod- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for die Use of B^;inners. By 
James Peaks, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.t 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 

and Practical Principles of the Construction of. By Hakon A. Sommxr. 

FELDT, Surveyor of the Rc^al Norwegian Navy. With an Appendix, zs. 6d. 

53*». AN A TLAS OF ENGRA VINGS to Dlnstrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimenta^ Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards otthe Royal Navy. By Robbrt 
Kjpping, N.A. Fourteenth Edition. Illustrated. 2S.t 
54». IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
suiting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54*». AN ATLAS OF FORTY PLATES to niustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules," " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. Ato, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentaiy Treatise on 

Navigation. Part I. How to Keep the Log and Work it oflF. Part II. Om 
Finding the Latitude and Longitude. By James Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : tiie Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms : and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rosser. 2s. 6d.t 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlargred. lUustratea. 3s4 

83 Jw. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-huilding. By W 
Bland. Seventh Edition, revised, with numerous Illustrations and Modds.xs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Professor J. R. Young. New Edition, including the 
requisite Elements from the Nautical Almanac for working the Problems. 
Illustrated. 2S. 6d. [Just published. 

ICO*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. K. 

» Young, is. 6d. 

106. SHIPS' ANCHORS, aTreatise on. By G. Cotsell, N.A. is. 6d. 
149, SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c,, &c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A.' 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d4 

155. THE EkGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey 0£Bce, Southampton, is. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 
^ Sea-Book. By James Greenwood and W. H. Rosser. Together with 

,-. . the requisite Mathematical and Nautical Tables for the Working of Uie 

-04. Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

6^" The X indicates that these vols, may be had strongly bound at 6d. extra. 
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WEAJSfS RUDIMENTARY SERIES. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY^ for the Use of Beginners. By Professor Georgr 
FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

a. NATURAL PHILOSOPHY, IntroducUon to the Study of; for 
the Use of Beginners. By C. Tomlinsokt, Lecturer on Natural Science in 
Kinff's College School, London. Woodcuts, is. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. it.X 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 
position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomunson. Illustrated, zs. 6d. 

7c ELECTRICITY; showing the General Principles of Electrical 
Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions hj R. Sabinb, C.E., F.S.A. is. 6d. 
7*. GAL VANISm, Rudimentaiy Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabinb, C.E., F.S. A. is. 6d. 

8. MAGNETISM; being a concise Exposition of the General Prin- 
ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts, is. 6d4 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the tfse of Beginners. By Charles 

ToMUNSOaf. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSC A; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
'l^'^^. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaitb, Ph.D. Woodcuts, zs. 6d. 

96. ASTRONOMY, By thelate Rev. Robert Main, M.A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised and cor- 
rected to the Present Time. By William Thynnb Lynn, B.A., F.R.A.S., 
formerly of the Royal Observatory, Greenwich. 2s. {Just Published. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracine also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakkr, C.E. zs. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL raLEGRAPHY, for the Use of Students, 
by W. McGrbgor. First Assistant Supnt, Indian Gov. Telegraphs. 3S.I; 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tatb, A.L.S., &c. Woodcuts, ss. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. ' Partly based on Major-General Portlock's ** Rudiments c*-" 

174. Geology." By Ralph Tatb, A.L.S., F.G.S.,&c. In One Volume. 4s. 6d.* 

"183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

g College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

^ ^ %• Sold also in Two Parts, as follows .•— 

x»3. Animal Physics. By Dr. Lardnbr. Part I., Chapters I;--XII- M;„ 

184. Animal Physic s. By Dr. Lardnbr. Part XL, Chapters VIII.— XVIIL 31 

TAe t indicates that these vols, may be had strongly bound at 6d, extra. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Poetical 
Treatise on, with and without the Magnetic Needle. By TuoKAS Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated, as. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of 5)eeking, Mining, and Assaying Copper, and Manu&cturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD, By Dr. R. H. 

Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, 8cc. Woodcuts, js.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Aeents, Students, &c. By William Morgans. 2s. 6d.t 
I72» MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 23s Illustrations, drawn to Scale. 4to. 4s. 6d. *. cloth boards, 6s. 

176. METALLURGY OF IRON Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Baubrman, F.G.S. 5th Edition, 
revised and enlarged. ^s4 [^usi published. 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments; also the Correct Principles of Lajring out and Valuing Mineral 
Properties. By William Lintern, Mining- and Civil Engineer. 3s. 6d.} 

214. SLATE AND SLATE ^£M/?^F/A^6^, Scientific, Practical, and 

Commercial. By D. C. Da vies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates, js.t 

21 5. THE GOLDSMITH'S HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George E. Geb, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3s. t 

225. THE SILVERSMITITS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George £. Gee. is.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from^ the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor. 2s. 

~ FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architectur«». Painting. 8tc. Bv George Pyne. 2«8. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gessrrt and Emanuel Otto From- 
BERG. With an Appendix on The Art of Enamklling. as. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71, PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. X8.6d. 
69-71. MUSIC AND THE PIANOFORTE. In one volume. Half 
bound, 5s. 

181. PAINTING POPULARL Y EXPLAINED, including Fresco. 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum, Pottery, Enamel, Glass. &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
ToHN Times, F.S.A. Fourth Edition, revised andenlarged. $%.% 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured D iagrams, &c. 3s.t 

The X indicates that these vols, may be hud strongly bound at 6d. extra. 



LONDON: CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS. By Prof. Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READV 
RECKONER. With approximate values of Millstones, Mill work, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) ByR. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 
> R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 

op Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
%• Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." By Robert Scott Burn. Price z2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glf.nny. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

zation of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock; Details of Contract Work; Specialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t 
•»• Nos. 207 Of 208 in One Vol.^ handsomely half -hound, entitled** Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price ts. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.} 

210. THE TREE PRUNE R. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2S.t 
%• Nos. 209 &* 2IO in One Vol., handsomely half- bound, entitled ** The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price $s. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, 8ec., 
forming a complete Calculator and Ready- K' ckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pi«. Hy Prof. Iohn Donaldson and R. Scott Burn. js. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baliet. With Illustrations. 2s. 6d.t [Just published. 

232. COTTAGE GARDENING ; or, Fiowers, Fruits, and Vegetables 

for SmalH'ardens. By E. Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

\ Just published. 

234. THE KITCHEN AND MARKET GARDEN. By Con- 

tributors to '* The Garden." Compiled by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. 3S.t [Just published. 

LAND DRAINAGE, in Theoiy and Practice. By Professor 

Scott. Illustrated. [In th^s press. 

The X indicates that these vols, may be had strongly bound at bd. extra. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. JkfATffBMAT/CAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 
are concisely Explained. By J. F. Heathbr, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in z vol.. Illustrated, is. 6d. 
*«* In ordering the above^ be careful to say^ " Original Ediiion ** {No. 32), to dutiu" 
guisk it from the Enlarged Edition in 3 vols, {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of ^Schools and 
Private Students ; also tor Practical Land Surveyors and Engineers. By 
T. Bakbr, C.E. New Edition, revised by Edward Nugent, C.E. Ulus- * 
trated with Plates and Diagrams. 2s .t 

61: READY RECKONER FOR THE ADMEASUREMENT OF 

LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table^ showing the Price of Work, from 2s. 6d. to^^x per acre, and 
Tables for the Valuation of Land, from is. to ;^z,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. zs. 6d. 

y6. DESCRIPTIVE GEOMETRY, sm Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Hbathbr, MJL Illustrated with Z4 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2 z5 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topoeraphic, and Perspective: 

f'lving the various Modes o^Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. Hbathbr, M Jl> [In preparation, 

*J^ The above three volumes will form a Complbtb Elbmbntary Course ov 

lif ATHBUATICAL T)p Aivivw 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index* zs. 6d. 

84*^. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Inoproved Processes, for the tfse of 
Teachers and Unassisted Learners. By J. R. Young, zs. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 
gc«. Annuities, Life Assurance, and Greneral Commerce ; with various Tables by 

which ail Calculations may be greatly faeilitated. By W. Hipslby. 2», 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. YOUNG, zs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

8q and Explanatory Notes : to which is prefixed, an Introductozy Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•»• Sold also separately, viz, .* — ' 

88. Euclid, The First Three Books. By Henry Law, C.£. !•• 6d, 

89. EucuD, Books 4, 5, 6, iz, Z2. By Henry Law, C.E. zs. 6d. 



^he % indicates that these vols, may be had strongly bound at 6d, extra. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
Kixie's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s4 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hamn. Revised by Charles H. Dowling, C.E. is. 
%• Or with "The Elements 0/ Plane Trtgonometry," in One Volume^ m. 6d. ' 

93. MENSURA TION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, zs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOusB, F.R.A.S., &c. is. 6d. 

105. MNEMONICAL LESSONS, — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. 'By Jambs Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. 6a. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T* F. Heather, M.A. Illustrated, is. 6d. 
'»• The above three volumes form an enlargement of the Author's original work. 
** Mathematical Instruments: their Construction^ Adjustment^ Testing^ andUsej 
the Thirteenth Edition of which is on sale^ price is. 6d. {See No. 32 in the Series.) 

x^'\ MATHEMATICAL INSTRUMENTS, By J. F. Heather, 

169. T' M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoars, C.E. With a 
Slide Rule in tuck of cover. 2S. 6a.t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal -sided. Square-sided, Octagonal- 
tided, Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of anv octagonal- 
tided column. Compiled for Timber-growers, Merchants, ana Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F£dor Thoman. 4s.t 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL. B.C. 
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Arithmetic, Georaetry, Mathematics, etc., continued, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decitoals and Duodecimals, several Useful Tables, 8tc. By Danibl 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfast College. 3S.4: 

204. MATHEMATICAL T^^Z^.S", for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
T/ONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples ; also the Methods of Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Francis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 3s.* [Just published. 



MISCELLANEOUS VOLUMES. 

^6. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING; METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, &fc. By John Wbalk. Fifth Edition. Revised 
by RoBBRT Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. <s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER 
VICES. By David Gibbons. Third Edition, enlarged. 3s.t 

112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.t 
II2». MANAGEMENT OF HEALTH, A Manual of Home and 

Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World, as. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housbkebpbr. 3s. 6d.t 
194. HOUSE BOOK {The), Comprising :— I. The House Manager. 
112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 
^ * M.D. III. Management of Health. By Jambs Baird. In One Vol., 
^ strongly half-bonnd. 6s. 
1 12*. 

The % indicates thtH^hese vols, may be had strongly bound at 6d. extra, 
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EDUCATIONAL AKTD CLASS ICAL SEBIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. Bj 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvien, M.A., of Balliol 
College, Oxford. 2S. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philologfy. By Hvdb 
Clarke, D.C.L. Fourth Edition, is. 6d. 
1 1*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hvdb Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hv»jb Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., ^s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnah. 
X7th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch,- French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

57. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 28.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon "Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Webster. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, yi, 

t. d. 
Fourth Standard . . . x t 
Fifth „ ...16 

Sixth ,, ,,.16 

Lessons FROM THB BiBLS. Parti. Old Testament, is. 
Lessons from the Biblb. Part II. New Testament, to which is added 
The Gbographv of the Bible, for very young Children. By Rev. C. 
Thornton Forstbr. is. 2d. %* Or the Two Parts in Odp Volume. 2s. 

7, stationers' HALL COURT, LUDGATE HILL, E.G. 
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First Standard . .06 
Second „ . . o 10 

Third „ ..10 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 
oc T^tr^^*i°(J^°^^ Noun^. By G. L. Strauss, Ph^ is. 6d. 

25. Frenph-English Dictionary. Comprising a large number of 

^fi New Terns used m Engineering, Mini By Alfrbd EEwbs. is.6d. 

26. English -French Dictionary. By Alfred Elwes. 2s 
25,26. French Dictionary (as above). Complete, in One Vol \s • 

cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d.'' ' ' 
47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse s Theoretical and Practical Grammar, by Dr. G. L. Strauss is 

40. German Reader s A Series of Extracts, carefully culled from 'the 

most approved Authore of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

I* J^'tt^^^^-^v^* o^*" '^'^l? ^arts. Part L German-French-English. 
^^^ II. English-German-French. Part III. French- German-English. 
3s., or cloth boards, 4s. * 

4T-43 German Triglot Dictionary (as above), together with German 

ic 39. Grammar (No. 39), in One Volume, cloth boards, 53. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwes. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwss. 
Vol. I. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English -French -Italian, as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Milling, Engineering, 8ic., 
with the proper Accents and the Gender of every Noun. By Alfred Elwss. 
4s. ; cloth boards, ss. \* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun, By Alfred Elwes. 

[In the press. 

HEBREW. 

46». Hebre'w Grammar. By Dr. Bresslau. is. 6d. - 
44. Hebre^w and English Dictionary, Biblical and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbiniciu Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebre^w Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, zas. 
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LATIN. 

19. X4atin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thouas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English- Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thqmas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

cloth boards, 4s. 6d. \* Or with the Grakmak, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 
I. Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vooabularies and Explanatory Notes, by H. Young, is. 6d, 

c. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 
Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the BucO" 

lies by W. Rushton, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis .^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Learv, D.C.L., iormerly Scholar of Brasenose 
College, Oxford. 3s. 

5« Part I. Books i.— vi., is. 6d. 

5** Part a. Books vii.— »ii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace ; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B,A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimonimenos. With Notes, Critical 

and Explan2k.tory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davibs, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Daviss, M.A 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy ! History of Rome. Notes by H. YouNO aad W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
i6*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge, as. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirse. With Prolegomena and Notes by T. H. S* 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2S. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claude Hamilton, is. 6d. 

'SfT/. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. x. Greek-English, 2s. 6d. ; Vol. 2. English -Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5«. 

14,15. Greek Lexicon (as above). Complete, with the Grammas, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes m English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis; or. The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6a. 
5-12. Homer, The Works of. According to the Text of Baeumlkin. 
With Notes, Critical and Explanatory, drawn from fhe best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Leary, M.A., D.C.L. 
The Iliad : Part x. Books i. to vi., xs.6d. Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Books vii. to xii., xs. 6d. Part 4. Books xix. to xxiv., xs. 6d. 
The Odyssbt : Part x. Books i. to vi., xs. 6d Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Books vii. to xii., xs.6d. Part 4. Books six. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phxdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 



With* Preliminaiy Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part X. Books i.^ ii. (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Thalia and Merpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H, Young, is. 

20. Sophocles: Antigone. From the Text of Dindorp. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorp. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorp. With 
Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. .fischylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. -^schylus: Septem Contra Thebes : The Seven against Thebes.' 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book x. is. xt .. 1j t a_ 

42. Xenophon's Panegyric on Agesilaus. Notes afid Intro- 
duction by Ll. F. W. Jewitt. is. 6d. . 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar ol 
Braaaaose College, Oxford, is. 6d. 
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;«^ A 8ELECTI0S FROM TTEALE'S SEKIES. ^"^S^ 

&t THEORY OF COMPOUND INTEREST AND AN- ^0^ 
■•it NVITIES; with Tatles of Logarithma for the more Difficolt ■l^TJ'S 
-»JP Computations of Interest, Diflcount, AnnuitieB, &c. By i'&aov. Li"^^ 
■J-h Thoman. 4s.; doth boards, 4a. 6d. ^5^ 

*% INTUITIVE CALCULATIONS; or. Easy and Com- ^-^^ 
^5? pondious MethodB of Performing the variouB Arithmetical -tg-^^ 
->^ O Deration 8 leqnired in Commercial and Busioeaa Tranaactions ; !ti'^3^ 
La^ together with Full Eiplanalionfl of Docimais and Duodecimala, ^f;^'¥ 
'.Cx saveial Daefnl Tables, and an Examination and Diecusaion of ifi^'^* 
the best Seliemes for a Decimal Coinago. By Danibi, O'Gob- ^Q,'"^'''^ 
■■ ■- Twenty-filtii Edition, corrected and enlarged by Profoaeor J ■-' i^ « ~ 



2sci M*K. iwency-min .riuinoii,tui:ici;icu ouuDuiiuBo'i 1// i'-.^nov. cX''<ST(l 
el;* J. R. 'Yousa. 38. ; cloth boarda, 3s. Bd. Sit^*^ 

^^ THE COMPLETE MEASURER: Betting forth the ^f^^6 
t^fjft Measuromant of Boarda, Glaaa, &c. ; Unequal-aided, Square- JC?^^^ 
"^■S. aided, Octagonal -sided, Hound Timbor and Stone, and Standing T^;i£ 3^ 
{T* Timber. Witb a Table ahowing the solidity of hewn or eight- ^Xj'.'^Stf; 
t'jJ. sided timber, or of any octagonal-sided column. Compiled for jif ^Jrifo 
rtttC; Timber -growers, Merchants, and Surveyors, Stonemasons, Wi^J>;— 
i,'jf!t Architecta, and others. By IIiChaud Hohton. Fourth EdiUon. ^g^a ^ ^ 
C^ 4a. ; strongly boimd in leather, Ss. ^S^'^Sk 

fc'cl INTEGRAL CALCULUS, Rudimentary Treatise on f^'vM^ 
yiaj the. By HoMSBauin Cos, B.A. Illustrated, is. V'iftJ^I 

^W INTEGRAL CALCULUS, Examples on the. By?3X^;^|- 
ST^ J/mbbHann, late of King's College, London. Illustratsd. la. ;^S.Hx< 
t'-^ DIFFERENTIAL CALCULUS, Elements of the. By if(5^^* 
^if. W. S. B. WooLHOLsE, F.E.A.S., &o. Is. 6d. T^^'*r " 

^ftU GEOMETRY, ALGEBRA, «7irf TRIGONOMTERY, r^^^^i 
3/>,T in Easy Mnemonical Lessons, By the Rev. T. P. Kibkman, ■^^w?»- 
*!-% M.A. Is. 6d. i^^^^ 

^M MILLER'S MERCHANT'S, AND FARMER-S^"^-^^ 
:f>^ HEADY RECKOJfER, for aacertaining at eight the value of ^o^^X* 
%-yi any quantity of Com, from one Bushel to one hundred Quacters. f,*-^i^ 
*!■% at any givei price, from £1 to £& per quarter. Together with i^^««C 
VJj^ the approximate values of Millstones and Millwork, &c. la. ^J^'Z'r 
^■AtR ARITHMETIC, Rudimentary, for the nse of Schools iv^^^ 
5('):'5 and Selt-Insliuction. By Jamib Haeeon, M.A. Eeviaed by •^jJov\lt'2 



A BRA II AU Arm AN. 

A X^ytoRadimentary Arithmetic. 




•J^viP boards, 3a. 5a^w^ 

■§(^ STATICS AND CrAMM/CS, the Prinoipalfl and Prac- f^^^ 
list ticeof; with those of Liamds and Gases. By T, Bakek, C.E. ^y^^^ 
^'$t Third Edition, revised by E. Nugent, C.E. lUuatrated. Is. 6d. ■t^'^^'S 
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ANAtYTJCAL GEOMETRY and CONIC SEC- 
■J'lOIfS, • Badimentan TreatiBe on. By Jahu Hakh, lata 



^v««j ^v^^)CE~ U&thematioalMMtar of EiD^BCoUegs School, London. A New 
tt!?^ SV'S.-'^ -Edition, teriBed.and re-wiitten by J. B. Tocko, 2a.: doth 
S!jM 41^:£* l»arf«. 2». 6d. 



^?. ^^%v 'a SEintioir'rBOK we&ifs series. 

i III ,^_ 

u-^-r Q'^'^-^C, DRAWING AND MEASUItIN0 INSTRUMENTS. 

7^1^ ^^'if "rS Inclnding— I. InatrDments employed in GooniBtrical end Ma- 

41'^ Jft mTj?* c''*'>'0^ Drawing, and in the Conitrnction, Copying, and 

'If^il* ^^A9(s& Measurement of Sapi and Plana. II. lostrumeiita Used fartbe 

J-iivJU 'V^'^J^ purposes of Accojate Measurement, and for Arithmetical Com* 

•jliir *^^H^ P°**ti™"- By J. r. Hkatheb,M,A., late of the Royal Military 

■h'^ J" 'iTi'SJ*^ Academy, Woolwich, Author of "DeBcriptive Gleometey," Sec, &o. 

^^' jV- "64 lUnstratad. Is. Sd. 

W^ ^^i(? OPTICAL INSTRVMENTS. Including (more espe- 

fj'iff. S^'^^^ cially) Teleecopes, Microscopes, and Apparatus for producing 

kIT'fin ^ ''Y^* oopiea of Maps and Plane hy Photography. By J. P. 

»5iqg ^-jVai "■*■ Illustrated. Is. 6d. 

'm mm 



^^'M SURVEYING AND ASTRONOMICAL INSTRU- 

J*>^'^'^ MENTS. Including — I. Instruments ITsed for Determining the 

Qeometripol Features of a portion of €)round. II. Instruments 

Employed in Astronomical OhservationB. By J. F. Heatueb, 

M.A. lUastrated. Is. 6d. 



'■^^ l^^jtr M.A. "lUnstrated. Is. 6d. 

S^X'^t ^^'if'tSi *•* ^^ ''*™' ''"* velumnfimn an mlurgmunt of tht Author' t 

hi J-^S W: l^rjri oris/iital aork, " Mathemalical Inslmmcnit : their Conttruction, 



A^uttmmt, Tilting, and Uu," thi Thirtimth Edition of lohic 
lair, prici \i. 6d. 



Wr" 5^?^"^ MATHEMATICAL INSTRUMENTS. By J. F. 
'A ti^i •ilr^^ HsAtHSH, M.A. Enlarged Edition, for the most part entirely 
'ii'fSe ■'^/^^ re-written. The Three Parts as abore, in One thick "Volume. 
'^Sft'^ S-^-ijk With nnmerous Hlosfcrations. 4a. 6d.; oloti boatda, 68. 

y^S ■J^^A^ THE WQREMANS MANUAL OF ENGINEERING 
i^Stfi ^^^Tt SSAWINO. ByJoHNMiiTON.lnstnictorinEngioeeriogDraw. 
' f^^M '^'T^it »>8' 'B'OyBl Naval CoUege, Greenwich, formerly of K.S.N A, South 
rJ*;~ 5^^''^iip Kensiagton. lUoatrated withrPlatssandnearly SfiOWoodoBts. 
^M^ T^^^S^ 3b. 6d. Cloth boaidB, *B. 

iM ^M'^ PRACTICAL PLANE GEOMETRY: giving «ia 
jf t^ K^^'Jih Simplest Uodos of Constracting Figures contained in one Plane. 
"tli^' ^^"^'^ By J. F. Hbathbb, M.A. Numerous Diagrams. 2s. 
Ot'^^ ^'^•^ PROJECTION: Orthographic, Topographic, and Per- 
* jni *'5^K BpootiTe ! giving the varioua modes of Delineatiog Solid Forms 
S^-^ Q'i^ ^S ^ constructiona on ft Single Plane Surface. By J. F. Huthib, 
**•"« *l-•^^'«? M-i. (in Tt^ration. 

*(* The ah«v» two mhimit, aith tht Auther'i meri alnadjf in th« 
uriti, " Dtmriptiti Oiomilrj/," wili/onna eompUti Slimentarjr 
Qiuni of Jllutliematiail Sra-wiitff. 

CROSBY LOCKWOOD h CO,. 7, STATIOHKES' HAIL CODBT, E.O. 




